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THE PSYCHOLOGY OF EFFICIENCY 


CHAPTER I 

iKTRODUCnON 

1. Statement op Problem 

The present study is an attempt, tinder simplified conditions and 
tvith special emphasis upon the motor ^T)e of process, to analyze 
human methods of meeting relatively novel situations and of re* 
ducing their control to acts of skill. It thns involves the taking of 
practise curves, and is similar to the studies previously made by 
other investigators in learning processes such as the acquisition of 
telegraphy* or of shorthand,* of a foreign language,* of skill in 
typeTOting* and in tossing balls,* etc. It differs from these studies, 
however, in that the original situation Is distinctly of the problem 
type, and in that the acquisition of skill in the sueceeding manipu- 
lations also involves the problem type of consciousness to a very 
considerable degree. 

On account of this emphasis on the factor of thought, the study 
is also related to the recent investigations on the thought processes 
carried on chiefly in Germany.* The interest in the present study, 

‘Bryan and Harter, Ps^chologieal Reriew, Vol. IV, p. 27; Vol. VI., pp. 
340-575. 

*E. F. Swift, Awerioan Jounujt of PtycMogy, VoJ. XIV., pp. 224-230. 

*E. F. Swift, *' Ganoan Memorial Volome of Studies in Philosophy and 
Psychology” pp. 297-313. 

‘E. F. Swift, Psychological Bulletin, VoL I., p. 295. W. F. Book, “The 
Poyehology of SfeiU,” CfMoerstfj; of Montana PuMicafion* in Psyeholopy, Psy- 
chological Series No. I. 

'E. F. Swift, Amerroon Joumol of Psychology, Vol XIV., pp. 201-224. 

''’'R,TQflr’c>e,'‘ TE.xperiniehtdIi-psyciiolop«chc‘Oiiter»uchungen liber das Urtcil 
eine Einleitiing in die Logifc,” 1901. A. Binet, “ L'etude experimentale de 
Vintelligenee,” 1903. H. J. 'Watt, ” Expenmentelle BeitrSge ru einer Theorie 
dea Denkens,” Arch. f. d. ges. Psyeh,, 1905. N. Aeh, " Uebcr die Willens. 
thxtigkeit and das DenLen,” 1905. A. Messer, " Etpenmenten psychologische 
TJntersuchungen Uber das Denken,” Arch. f. d. ges. Psych., viii , 1906. K. Bdhlcr 
"Tatsaehea und Probleme nr einer Psychologic der !• .k.TOtgan,,e,’’ Arch, f d' 
ges. Psych., ix., 1907. G. Starring, “Erperimentellc Untersuchungen aher 
1 
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however, is dynamic rather than rtrnctura]. It deals with the part 
which different sorta of thought proceases actually play in the meet- 
ing of novel situations, and, as far as possible, with the conditions 
favoring the development of variations. From the latter iwint of 
view there are points of contact with Roycc’s study of invention.’ 

The problem a.s thus treated may have lost somewlmt ia precision 
on account of the breadth of processes entailed, but it is hoped that 
there has been a corresjxjnding gain in continuity and in the ci- 
hibitioD of organic relationships. The writer plans to follow up this 
rather general study with detailed investigations on some of the 
special problems raised. 

The studj’ is of hnman methods, but it was undertaken with the 
hope that some light might be thrown on animal methods of learn- 
ing as welL The studies were not planned to have exact similarity 
in material to that nsed with animals, but there arc, nevertheless, 
certain fundamental points in common, such as the sitnations being 
novel and demanding some fonn of manipulation. 

2. JUtebul E>ipu>ted 

а. General Heecriplion. — Mechanical poazles were chosen as the 
material to be employed. The term mechanical is used to indicate 
that all the pumles involved actnal manipulation of materials. No 
trick puazJes were used, i. e., all the pozries were possible of solntion 
and alt the physical materials reqait^ were supplied to the subject 
The pozzies might be roughly classified into analytical and synthet- 
ical, and, again, into tridimensional aud bidimensionoL Most of the 
puzzles were analytical and tridimensionaL These were for the most 
part made of wire, and involved the removing of some part of the 
apparatus, such as a ring, star or heart, from the rest Some of the 
puzzles were of the synthetic or construction type, such as the fa- 
miliar jig-saw puzzles or rarer forms involving three dimensions. 

The movements required for solution were, in general, rather 
complex. In certain cases the degree of complexity could be indefi- 
nitely increased, and yet a single rule be developed for solution in 
the various resulting forms. 

б. Advantages . — The puzzles presented the following advan- 
tages in relation to the purpose of the experiment: 

(1) They constituted genuine problems. None of the subjects 
solved an unfamiliar one at sight. 

einfaebe Schln»spro*esse,” Arch, f, 4. get. PtytK, n., 1908. R. S. Woodworth, 
JonTJUil of PkilMophy, etc., JM7, 4. 170. E. B. ‘ntchener. “Lectures on the 
EipenmenUl P^chology of the Thought Processes." 1909. 

* J. Koyce, Peychologieal Berioio, VoL V., pp. 113-144. 



(2) They involved tratisformations ia three dimensions, and the 
ability to construct transformations in the third dimension seems to 
be a decidedly undeveloped function. For this reason the problems 
were in a special sense “novel.” 

(3) The form of the puzzles invited immediate motor response, 
and yet highly indirect tj’pes of solution were in some eases neces- 
sary. The result was a wide range of methods varying from “acci- 
dent” to anticipatory analysis of a most complex sort. 

(4) The puzzles fell into several distinct groups according to 
the principle of solution. Each gronp was composed of several 
puzzles differing from each other more or less widely in detail. 
Opportunity was thus furnished for the study of the place of “per- 
ception of similarity” in “transfer.” 

(5) The phj'sical manipulation of the puzzles was easy, and a 
long seriw could he taken at a single sitting without perceptible 
fatigue. 

(6) The movements of the snbject could be recorded by the ex- 
perimenter and this objective account of his behavior could then be 
compared with his own account given during or at the close of the 
trial. 

(7) Pnzde material can readily be employed with children, with 
primitive people, and possibly with the mentally abnormal, and it 
has many points of similarity with the “pazzle-boxes” used with 
animals. It Urns offers rather nnosnal advantages for comparative 
psychology. 


3. Conduct op the Expeeiments 
o. General Procedure.— 'The method of conduetbg the experi- 
ments was very simple. The subject was seated comfortably at a 
table, on, which the puzzle was placed. The puzzle vrea covered by a 
screen. After the warning signal a starting signal was given, and 
the screen removed. "When the manipolation for the given trial had 
been completed, the puzzle was immediately removed by the opera- 
tor and prepared for the following trial. The subject was given no 
opportunity to examine the puzzle except during the actual trial. 

The number of trials for a given subject with a given puzzle 
varied from 1 to 1,440. The standard number was 50. Pifty-one 
series were taken in which the number of trials composing the series 
equaled or exceeded 50. 

The number of trials at a given sitting varied with the subject 
and the puzzle. The sittings were usually of an hoar and a half in 
length. In some casea an entire series of 50 trials was completed in 
this interval. In others several periods were consumed in gaming 
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the first Rolution. Wlien more than a single sitting was required 
for a given series, that fact is noted in the tables or the accompany- 
ing discussion. 

The times given, unle.ss otherwise specified, are for one-way 
solutions, f. e., the subjects took the puzzles apart, but the operator 
put ‘them together again out of view of the subjects. The excep- 
tions referred to were all tho puzzles solved by Hr and some of those 
solved by TTA. In these eases, the aubject took the puzzle apart and 
also put it together again. The time was taken separately for each 
operation, two practise curves being thus kept for each puzzle. 

Only one subject was used at a time. 

b. Instructions 1o Subjects . — Only the most general indications 
as to the nature of the solutions required were given the subjects. 
Thus, in the case of tho “analytical'’ puzzles, the subjects were 
simply told, “Some part of the puzzle is to be removed." \Vhnt that 
was they were to determine on examining the puzzle. The indefi- 
niteness of the instructions made the problem more difiicult, but it 
was the means of testing such qualities os the ability to size up a 
situation, to eliminate the irrelevant, and to use independent judg- 
ment in that selection. It also brought out into prominence and 
made available for study the great rdle played by more or less ex- 
plicitly conscious assumptions as to the nature of the problem, AH 
of these things it was the purpose of the study to investigate. Since 
all knew the nature of the problem in detail by the second trial, the 
later course of the practise curve was not affected. 

The subjects were instructed to “solve" the puzzle each time as 
rapidly as they could consistently with the stage of progress at- 
tained. They worked with knowledge of results as far as the time 
taken by the separate trials was concerned. No information was 
pven them concerning errors made. The guiding principle was to 
keep the subjects stimulated to the most efficient activity. Their 
interest during the first few trials of a given series was naturally 
mainly on working out the essential elements of the problem. After 
that had been accomplished, their attention was more and more 
given to the development of speed. With the exception of a very 
few cases, carefully noted, the subjects did not stop to repeat a part 
process daring a given trial. The analyses performed, whether of 
the' main or the minor elements of manipulation, were thus of a 
snap-shot order. Had the plan of allowing the part processes to be 
repeated been followed, the drops in the curves would undoubtedly 
have been steeper, but it would have been more difficult to evaluate 
the results, especially in comparistm with other practise curves. 

c. Eecords . — The subject’s account was written or dictated by 
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him at the close of each trial. In the earlier solutions in a Riven 
series, t. e., in the first two or three trials with a new purple, in the 
case of 0 numlKt of the suhieets, a running account was kept during 
the process of solution. This comprised exclamations showing the 
emotional attitude, and more or less extensive descriptions bv the 
subjects of what they wen? doing and why they were doing it. These 
remarks were rceonled by the experimenter. 

The cxporimcnler's account conslsteel of a description of the 
movements made by the ifubject, and, as just stated, of whatever he 
m.sy have said during the trial. Abbreviations for the important 
movements were employed, and the movements were recorded at the 
time of their occurrence. The fact that the movements were in three 
dimensions, and were variable and complex, made it seem unwise to 
attempt a mechanical form of registration. 

Tlic discasRion in the later sections is, in general, based on this 
triple account; the cxpcrimcnler’a description of what was done, the 
subjeet'a account written at the close of each trial, and the remarks 
made by the subject during the trial. 

<f. CAronomftcr.— The times of the sepamte trials wore taken by 
mean.s of a split-second cnmulalire atop-watch reading to tenths of o 
second. The split hand proved of value in taking times for the part 
procesaes ax well ax of the whole. The times taken during the first 
trial varied from a maximum of 33,0C0 seconds nearly ten hours, to 
7 seconds. The times of the shortest trials varied from 0.4 second 
(highly apeeialited conditions for one subject in only one puzzle) to 
8248 seconds. Only in the one special cn.vj just mentioned did the 
time fall below one second. The time fell below two seconds only 
in 5 puzzles out of 3C, 80 per cent, of these cases being in two 
puzzles. The percentages of the total number of cn.ses in which the 
times fell below one and two seconds respectively are a.s follows: 
below one second, one fifth of 1 per cent.; below two seconds, 2 per 
cent. The percentages arc ba.sed on a total of 7,000 cases. It is 
believed, then, that the chronometer was Buflicienlly refined for the 
purpose in hand, especially since the low times are restricted to 
special cases and the conclo-sions do not rest on a high degree of 
accuracy in those cases. 

4. Individuals ScRViNa as Subjects 
All except five of the subjects bad done work in psj'chology and 
had some special interest in it. The five mentioned as exceptions 
were four boys from sixteen to twenty years of ago employed about 
the campus, and the laboratory mechanician. Of the other subjects 
seven were engaged in instruction in psychology or in research. 
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Two were instmctors in related fields and had had considerable 
psychological training. The remainder were graduate or special 
students in psychology. Five of the subjects were women. 

The designations for the different subjects is as follows : ' 

The four boys — with grammar school or high school training 
— Co, St, Me, Ry. 

The mechanician, T7c. 

The seven with professional training in psychology, Wh, Bg, 
Br, Kk, Be, Mn, Bs. 

The two instructors in related fields, Br, Ft, 

The graduate and special students, Bd, Ta, Tz, Fe, Mt, Ey, 
Bg, Pz, Be, Bs, Ds, Pn, Tr. 

There were, altogether, twenty-seven subjects. Nine of them 
completed long series on at least six purzles each. The remainder 
were given fewer puzzles or shorter series. The nine subjects who 
took the long series with six or more pozzies were Co, St, Me, "Wh, 
Bg, Br, Bd, Ta, Tz/ the first three in each of groups 1, 3, and 5 
given above. 'The five women subjects were Bd, Fe, Ey, Bg, and Bs. 

5. £zPi.aKATTOH OP Tzbms 

The terms “analysis,” “variation,” and “transfer” are used 
very freely in the discussion which follows. 

The term “analysis” is used very broadly for the whole process 
of mental emphasis, the setting up of an hypothesis on the basis of 
this emphasis, and the various ways of testing tbe hypothesis. It 
would include, at one extreme, tbe case where tbe entire process is 
in terms of ideas, where the thinking is highly symbolic and com- 
plex, and where the testing is also done by further thinking, and, 
at the other extreme, the case where there is a simple noticing of a 
variation taking place unpremeditatcdly and its purposive comple- 
tion or later adoption. 

The term “variation” was used in tbe statement just given con- 
cerning the term "analysis.” It is used for the whole set of con- 
scious or “unconscious” changes in methods of attack which might 
in any way be considered novel. A process of “analysis” would be 
a “variation,” but there might be variations which would not be 
analyzed- 

The term “transfer” is used in the sense involved in the recent 
discussions of general and special training. 

6. Acknowi^hjments 

The writer first became interested in the problems of behavior 
through an experimental study on the behavior of animals made 
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under the direction of Professor Kdwfttd L. Thorndike. Tlxc present 
inw^tipation of human methods of bchnvior under conditions anal- 
opous to those employed with animals li a direct outprowtb from 
the study mentioned. 

The use of puKlca ns material was aupprstod by Professor E. 11. 
Lindley’s "Study of pnrzles."* 

The cspeci.al interest in the problem type of situation was due to 
Proffw^or John Dewe^* and to Professor Georpe H. Jfcade. 

For suppestions as to the actual conduct of the erperiments, for 
prolonpcd services as a subject, and for constant assistance in the 
orpaniastion of material the writer is deeply indebted to Professor 
R, S. ^Voodworth. 

Tlie explicit use of comments made by the stibjects while manip- 
ulatinp was the result of a suppestion by Dr. W. V. D. Binpham. 

The writer aeknonledpcs his indebtedness (o all the subjects and 
especially to Dr. "W. V. D. Binpham, Dr. 11. C. Brown, Professor E. 
A. Kirkpatrick, Professor V. A. C. Ilermon, to Mr. Clyde Purst, 
aecrelary of Teachers Collepc, to Mr. J. V. Brcitwicsor, to Jfr, A, E. 
Rcjall, to Hr. ITsy Taylor, to 5Iiss Alma P. Bydenc, and to Itfr. 
Tool. For assistance in the flnal revision of statement and in the 
correction of proof the writer Is indebted to his wife. 

*K. IL lisdley, “A Stu<Jy o( Puulef,** Ammeon Acwmot of PiytMooy, 

Vol. tin, pp. <31 II. 



CHAPTER n 


GENEKAIi STATEi^E^’T OP ReSUIVTS 
1. Methods op LEAsxixa 

a. “Human** and *' Animal.** — A great deal has been made of 
the contrast between “human** and “animal*’ methods of learning. 
The latter has been represented as a process of mechanical stamp- 
ing in of those random or instinctively determined movements 
which have brought success, and the stamping out of those which • 
have failed.^ The “human** method has been de-scribed as one of 
understanding of principles and the consequent learning by a single 
successful experience.* These designations, human and animal, have 
been nsed as equivalents of “trial and snccess" and “reasoning** 
respectively, and so have stood primarily for opposed types of learn- 
ing wherever found, and secondarily to mark characteristic differ- 
ences between the learning of men and of animals. The method of 
“trial and snbeess'* has been said to take place under conditions of 
attention in the case of animals and to be found in men in the ac- 
quisition of skill where the attention was on the result rather than 
on the process or where the variations occurred and built themselves 
up into habits unconsciously.* The results of the present study go 
to show: 

(1) That even where the task is not mainly that of gaining a new 
form of motor control but is essentially that of “learaing by nnder- 
standing** there are important differences in haman methods of 
learning; 

(2) That some of these methods show objective points of similar- 
ity to animal methods ; 

(3) That the "human** and “animal" methods ehonld not he 
considered as eihaustive of the forms of learning, but as two out of 
a larger and, at present, undetermined number; 

(4) * That the “human’’ and “animar* methods should be con- 
sidered as limiting members of a series of methods in which different 
types of analysis play an important if not the determining role; 

‘E. L. Thurudikr, “Animal InUlligenee,* p. 4S. 

•M. F. WubbuTB, “The Aninud Fluid,*' p. 237. 

•E. E. Thorndike, ** Animal Intelllgwiee,'' pp. 101-2. 
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Thw luck of IdcM cTcndy nlat«l to tlic pxmhn anti of drrflop. 
inent of tlie fiindtimcntal capacity of corwtnictlnfr transformnlionji 
in three dirocniions wai rcOcctwl in the attitude of the nbjecti. A 
number spoke, ctpecially in dealinjr •with their find purzlc, of feclinR 
hclplciw or hopeless and of beinf; conrineed that the thin^' to bo 
done was impossible. 

niphly complex reasoning processes, sudden drops in the entres 
to a permanently low Ictc}, quick Adoption of shortcuLs, and elimina- 
tion of erroneous or uneconomical forms of manipulation were, of 
course, olso /ound, fjut the opposites of these, as stated obore, were 
surprisingly in evidence. 

h. Typfs of AnalfjtU.—\n stated in the introduction, the term 
"analysis*' is used verj* broadly for the wliole process of mental 
emphasis, whether of the anal>*tie orsjTithetic type in the narrower 
sense of the terms. The petting of a single organised view of a mass 
of details would thas be elasw<l os "analysis/* not as synthesis. 

It was suggested above that iastcad of simply contrasting two 
methods of learning, the "human*’ and the "animal," it might be 
more profitable to consider these as limiting cases in a scries of 
grade or kinds of analysis, and to attempt, as far as possible, to 
chart out these various typea It might ver^* well follow, were such 
a complete examination of human methods and their conscSooa ac- 
companiment* made, that the various and, probably, fairly uamer- 
ous forms of learning employed by animals might be more clearly 
distinguished and cvaloat^ The result* of this study can go only 
a little way in this direction, and the distinctions given below are 
not presented as in any way exbaristive or exclusive, but as indi- 
cating the sort* of dilTcrenccs which appeared most prominently in 
the course of the experimenta 

The anal^'ses met with in the experiments are classified from the 
following points of view: (1) Explicitness and results, (2) extent, 

(3) time-relations to motor variations, (4) material. 

(1) Expti'cUness and Eesulit . — These are classified together be- 
cause the latter may usually be taken ns a measure of the former. 
There is a wide range of variation in felt clearness from the ex- 
tremely vague to the perfectly clear. This range of felt clearness is 
matched by difference in results. Some of these differences stated in 
terms of clearness or results or both are as follows: (o) Vague feel- 
ing of familiarity when the variation chances to occur again, (6) 
explicit recognition of the variation when it recurs, accompanied by 
anticipation of it on experience of its immediate antecedent, (c) 
ability to image it factually in part, (d) ability- to image it com- 
pletely, (e) ability to describe it verbally, (/) ability to use it in 
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novel combinatioiis and to state a general formula for its use under 
varying conditions. 

As exceptions to this parallelism of felt dearness and results may 
be mentioned the feeling of perfect clearness Trhich sometimes 
occurs hut is not followed by ability to recaU, and the many in- 
stances of illT^ions, where solutions that look perfectly clear for the 
moment are later seen to be impossible. 

In the list given just above of grades of explicitness or clearness 
there was no intention of dealing with the different degrees of real- 
ity-feding or belief which might also to a certain extent parallel 
tiiat series. 

(2) Extent . — ^The bads of division here is the extent to which 
the entire manipulation of a given ptizzle is analyzed. The sub- 
divisions, rather arbitrarily chosen, arc (o) partial, (h) schematic, 
(c) totaL In discussing these separate subdivisions other criteria 
win, to a certain extent, be introdneed. 

(o) Partial. One of the most significant forms of partial analy- 
sis met with was the picking out of the portion of the puzzle to be 
attacked. In many cases this was a mere spatial analysis, “locus” 
analysis, withont involving any perception of mechanical necessities. 
Possibly the solution came once by accident and the snbject noticed 
the part of the puzzle concerned. Such “locus” analysis is fol- 
lowed by an abrupt drop in the curve owing to the immediate elim- 
ination of random movements connected with other parts of the 
figure. There is no gradual wearing away or “Btamping out” but a 
sudden and complete elimination, and this with a very low grade of 
aualTris. The sudden drops in many of the animal curves may wdl 
be due to this sort of analysis. Random movements still occur, hut 
they are finnted to the “locus.” 

Another important form of partial analysis noticed was that of 
a single step in the process while the other steps were attained only 
by random movement. This single step was often the final one. 
The solution would come accidentally, bat the subject would notice 
the last step. In the subsequent trials be would know what to do if 
he chanced to get to that step bat not how to get there. 

(6) Schematic. In some cases the subject would glimpse the 
line of attack, the general plan of solution, but without having 
analyzed the steps in detail. 

(c) Total This covers the cases where the analysis reaches all 
the steps or elementary movements. The cases included may be 
subdivided according to the degree of unity obtained in the organi- 
zation of these elements. 

In some cases the whole process remains merely a series of dif- 
ferent steps arbitrarily following each other. 
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sensory and image referring to the lower, and perceptual and idea- 
tional to the upper limits of mental organization in the respective 
fields. Both divisions might* be cross-classified again into factual 
and verbal. 

It has been customary to contrast perceptual with ideational 
analyses to the discredit of the former, and to make the presence or 
absence of images the important question in the estimation of animal 
intelligence. To the writer it seems probable that there are wide 
differences in value in the sorts of analysis to be found within the 
perceptual field itself, and that these differences may rank in im- 
portance with the difference between the fields as perceptual or 
ideational, peripheral or central. These differences have, to a cer- 
tain extent, been included in the preceding classifications. Thus, a 
“locus” analysis and an analysis of mechanical relations might both 
be within the perceptual field and yet differ widely in value. The 
process of perceptual analysis does not seem to consist in plastering 
an image on to a percept, but it seems to be a direct transformation 
^vithin the perceptual field itself. The experience seems to corre- 
spond to what some writers have spoken of as a “movement of 
attention.” The experience of the analysis is distinct from that of 
ordinary perception, on the one hand, and from that of a motor 
impulse on the other. It is oftentimes a striking experience and 
seems to come with a rush or as a flash. These suggestions are based 
directly on the writer’s introspections, hut are supported by occa- 
sional remarks of subjects to the effect that they seemed to see the 
relations involved in solution directly, and without the use of 
imagery. 

The advantage of the ideational field over the perceptual, in 
part at least, was noted as consisting in the lopping off of irrelevant 
details, the reduction of distracting motor tendencies, which are 
quite pronounced with the perceptual field, and the resulting ability 
in the case of the ideational image field of keeping the entire system 
of transformations within the span of consciousness. Part of the 
advantage of the verbal image field over the factual is to be found 
m the still farther foreshortening made possible and also in the 
greater control in the way of recall. The verbal image does not 
always come after the factual bat is used in building up the factual 
the latter often being dragged in bit by bit and held by means of 
Words until a total factual image has been bnilt up. The complete 
factual image may then be superseded by a compact verbal state- 
ment. The generalized formula wa.s essential in the ease of some of 
the puzzles in which complex changes could be introduced. 
changes, however, being in acconlance with a single priSipls. 
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There no mapic in the verbal statement, however, aa was shown 
by failnre in a ease where the rule was memorired without the per- 
formance of the analj’scs of which it was the expression. The gen- 
cralized formula was most readily developed by those who had been 
trained in the logic of scientific method. 

The relative independence of analysis and imagerj' is shown by 
the double fact that, on the one hand, the mere presence of images 
directly related to the solntion of the problem in hand was found 
to be of no avail unless the act of analysis were performed, and, on 
the other hand, that prcviotxs experience seemed to be effective in 
detennining a perceptnal analysis in which no trace of imagery 
could be found. 

The general point which it has been the aim of this section to 
maintain is that in place of merely contrasting extreme types of 
learning, such as the “human*' and the “animal,*’ or of making a 
hierarchy of percepts, images and concepts, what is needed is a 
working out of the sorts of analysis which may occur within the per- 
ceptual field, and within the image field, whether factual or verbal, 
and, in connection with this, to determine more preeUelythe signifi- 
cance of the mental stuff, or fidds, themselves. On this double basis 
it might be possible to, exhibit the rich complexity of human forms 
of learning, and by means of this to catalogue the narrower but still 
surprisingly extenave range of animal methods. The gross char- 
acterizations would still have their value, but the finer distinctions 
would nndonbtediy prove significant in precise evaluations. 

2. CoNTJmoNS OP EmciEscr 

a. The Fact of Tariafions. — It seems to be pretty generally 
agreed that abrupt drops In time, in a given practise series, or 
sharp increases in score when the times are kept constant, are due 
to variations in method In accordance with this plateaus have been 
interpreted as conditions of stagnation in which variations fail to 
appear.* In the pnrzle experiments this general result was con- 
firmed The efficiency was found to be directly dependent upon 
success in getting the most appropriate methods or teclinjqne. 

b. The Conaciousn<« of Toriations. — It has been maintained by 
some that variations in method are most effective when they are not 
attended to when they come and also bnDd themselves into habits 
“unconsciously’’ or “marginally*’ rather than “consciously” or 
“focally.”* The results of the puole eiperimente are in accord with 

• • Tie Paj-chologr !>• *58, 

•Swift, "iriBd in tl« TU«tiag,” p. 813. Book, "The Pajchology of Stall,’’ 
p. 171. 
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Tras Tvliat might be called the personal attitnde of the subject. Two 
forms of personal attitude inimical to the occurrence or utilization 
of Tariations appeared with especial prominence. The7 might be 
called the submissive, or suggestible and the self-attentive. 

The former of these appears in the presence of a person sup- 
posed to “know the answer.'* The object of attention is here the 
person with the “presfige-sn^festion” rather than the problem itself. 
Xot only is the tendency for variations to appear around the prob- 
lem inhibited by the shift of attention to the “prestige-person." 
but the special forms of variation which constitute criticism and 
evaluation are similarly aflfected. This attitude must be carefully 
reckoned ^th in all tests of intelligence. In the puzzle experiments 
this tendency was so marked with two of the subjects that it was 
necessary for the operator to entirely screen himself from view in 
order that slight movements of his shonld not be taken, correctly or 
erroneondy, as indicatioTis of the correctness or incorrectness of cer- 
tain manipnlations. This negative effect of the “prestige-sugges- 
tion” was even more marked in certain ca'^es of reactions to novel 
situations of a more distinctly social type than the puzzle experiments. 

In the “self-attentive" attitnde the attention, as is suggested by 
the name, is not on the problem but on the sell The self is felt to 
be on trial. “What sort of a self shall I and others consider myself 
to bcl” is the question which occupies attention, and this is usually 
accompanied by a state of worry, of emotional tension, which rtiU 
further distracts from the problem in hand. 

These two attitudes arc closely related in that both arise from a 
lack of confidence in the self, a lack of a sclf-confidence which would 
permit the attention to go to the problem in hand. They are espe- 
cially likely to arise in face of a novel situation, one concerning 
which the subject thinks him-wlf to be ignorant or inept. The 
puzzles presented a novel sitnation in this semse, and the occurrence 
of these attitudes was especially prominent in the firot Bltcrapts of a 
subject wth his first puzzle. In some cases the first suecc^a brought 
a complete reversal of attitude in dealing with later puzzles even in 
cases where there were few elements in common between the puzzles 
concerned, 

(3) Assumptions. The variability of the subjects was affectwl 
not merely by their pfaj-slcal condition and emotional attitude, but 
also by the general assumptions which they made and more or less 
explicitly held in mind concerning the nature of the apecia! problem 
in hand. These assumptions often, apparently, were set up acci- 
dentally and became thoroughly entrenched without being aubjcctcd 
to criticism. The first glance at a puzzle seemed in many cases to 
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suggest a particular Tvay of stating the problem or of defining the 
place or type of solution without there being any active search for 
other ways of looking at the matter or any criticism of the way ac- 
cepted. The assumption thus uncritically set up in some cases 
limited the movements made by the subject to a certain portion of 
the puzzle, and consequently, in some instances, rendered the solu- 
tion impossible. 

This negating effect of a given assumption was qualitative as 
well as spatial. The essential parts of the apparatus might be 
selected but with the wrong assumption. This assumption, then, 
either limited the motor rariations or made the subject insensitive 
to variations not in line with the asumption in qnestion. In a>me 
cases the appropriate variation would take place many times but 
would pass unnoticed. To the observer it would seem that the sub- 
ject must have a negative hallucination in regard to the variation in 
questionl 

The assumptions often had an inertia, an apparently volitional 
peiristency about them, which seemed inversely ptoportioual to the 
amount of critical consideration accorded to them. 

These fized assumptions were broken up in several ways. In 
some c^s the puzzle was solved almost immediately on coming 
back to it later in the day. The particular set of consciousness had 
been broken up by this change and new points of view were pos- 
sible. There were a number of rather striking cases of a similar 
sort on first awaking in the morning. There seemed introspectively 
to be here not merely an increase in general variability due to phys- 
ical freshness, but also a shifting of values and probabilities, which 
led to new lines of attack. At other times the change of point of 
view was more purposive. Random manipulation was occasionally 
adopted by the subjects with the hope that either the solution might 
be reached accidentally or that some novel position of the puzzle 
might suggest an opening. Jlore sophisticated attempts were at 
times made, especially by those who had had training in lo<nc and 
sdentific methods. In these cases the assumption wonld be analyzed 
out, criticized, and modified or set aside while an attempt was made 
to get other assumptions, and even to exhaust the possibilities in 
the way of assumptions and then to take up the problem of their 
relative evaluation. The bare Ic^cal contradictory proved its valne 
in stimulating this search for a concrete other. 

The pnrposiee HOplcrrinent ot this teelmiqne o£ eiplicit con- 
sciousness and definition of a^nmptions, of search for new points 
of TOW, of rapid bnt tentatfrc eralnation of assumptions and the 
thorough testing ot the one chosen as most probable, with accompany. 
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jDg avoidance of mere repetition, seems to have been a verj* valuable 
means of farthering efficiency in the solntion of the problem. It was, 
of course, limited in effectiveness by differences in variability native 
to the individual or due to age, physical condition, presence of re- 
lated habits and ideas, attitude, and the thousand and one factora 
whose happy balance is essential to maximum efficiency. 

The shifting of assumptions whether occurring by accident or 
purpose often resulted directly in the solution. There were several 
instances of this sudden success after the subject had spent three or 
four hours in working under a given assumption and had become 
hopeless of the outcome and thoroughly disgusted with himself. In 
some of these cases the shift of assumptions was due to instructions 
given by the operator to the subject to critically define the assump- 
tion under which he was working, to seek out other assumptions, and 
to test them either in turn or in accoidance with their probability. 

In connection with the attempt to change assumptions there ap- 
peared at times an interesting shift in the accompanying feelings of 
probability. In one case of this sort the subject reported three dis- 
tinct stages: (1) Hypothesis **A” looked impossible and "B” per- 
fectly convincing, (2) “A" and “B” appeared of the same degree 
of probability, (3) “A” appeared coDvineing and “B" impossible, 

3. TaA^’S^EB 

The term, transfer, is used rather broadly to include both the 
specific and geuaral effects of a given experience on succeeding ex- 
periences. 

a. Specific Moior Eabiis. — (1) A given subject was tested with 
a puzzle thrown in chance positions. He was then trained to approxi- 
mately the phyaological limit in handling four special hut important' 
positions. He developed no general rule to include his treatment 
of these special positions. He was then rele^cd with the pnzzle in 
chance positions. Another subject was trained entirely with chance 
positions, in a serira approximately half the length of the first sub- 
ject’s series. The second tests of the first subject showed no im- 
provement over the initial results and were inferior to those of the 
second subject. This failure to profit by the highly specialized 
training seems to have been due to the lack of a generalized rule of 
procedure. As it was, each chance position was first reduced to one 
of the four special positions and then the solution was proceeded 
with instead of being performed directly. 

(2) A certain pn^e was so arraoged that it conld be presented 
in various forms. The manipulations for these various forms could 
all be comprised under a single formula. This general formula 
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could be deduced from any one of these special forms. A number 
of subjects were tried uith this puzzle. As soon as skill was ac- 
quired in dealing with one form of the puzde it was changed to 
another form. The subjects who developed the general formula 
during the solution of the first form were able to use the specialized 
habits built up in the first form in the second. Those who formed 
merely the special habits without developing the principle attempted 
to carry over the habits •OTthoot modification and were greatly em- 
barrassed by the change. 

(3) A subject was tested with a puzzle in a given form. Then 
all the motor habits necessary for the rapid solution of this form 
were built up by practise on the separate acts of manipulation in- 
volved. The elements were oiganically related in the suceessiTe 
forms of the practise series, so that the practise was not on the sepa- 
rate elements merely but on their connections. At the close of the 
practise series the subject was given the complete form, which was 
identical with that of the initial test. This form was not recognized 
as being related to the practise aeries, and the habits built up there 
were not brought into use. 

Jn pinerol, the value of specific habits under a change of condi- 
tions depended directlg on the presence of o general idea whicJi 
would serve far their control. 

6. Concrete 7mag«ry.— The mere presence of imagery, although 
vivid and of closely related pozzies, was no guarantee of its effi- 
ciency. Very often attention rested on some superficial point of 
similarity and progress toward solution seemed to be delayed instead 
of hastened. The value of the image as well as of the motor habit 
depended on the precision of the analysis. 

c. Attitudes and Attention. — As has been previously stated the 
first success often brought a complete change of attitude toward the 
puzzles. This transfer or eitension of mood seemed at times to be 
almost reflesly accomplished, so direct did it appear. A change in 
the subject’s idea of himself, from that of one incapable of solving 
such a problem to one capable of doing so, probably played a part in 
the change of mood. A similar but less decided change of mood was 
at times accomplished, in the absence of success, by the suggestion 
that the subject was doing as well as others. An attitude "of self- 
confidence was at times self-induced through an idea of its value 
and subjects were able by this means to avoid a state of confusion 
when in difficulty, to which state they had previously faUen victims 
No evidence was Becured in favor of an automatic change in 
level of attention, but there were indications of its indirect control 
by means of ideals of what consUtnted an efficient state of attention 
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d. Ideals of Method . — The great significance of ideals of method 
has perhaps been sufficiently emphasized. This significance Tfas 
especially striking in proportion as the situation in gnestion was dis- 
tinctly novel. The idea of efficiency as a goal to be reached, the 
ideals of scientific method, and the ideal of an optimum personal 
attitude were among the most important of these. 

4. SlEMoar 

The most striking point in regard to memory was its relation to 
continued analysis,' Sfemoiy cues were promptly substituted for 
continued perception of relations. This meant, where successfully 
carried out, a great saving in time, but verj* often the attempt was 
premature. There were illusions of meroorj' with resulting errors 
and perhaps fallnre after initial success, and there was memorizing 
of irrelevant features along with the significant ones. In some cases 
the conviction as to the correctness of an erroneous memory was so 
great as to prevent further analysis and to keep the subject indefi- 
nitely at a fruitlea Hoe of attack. It was easier to rely upon 
memory than to analyze the relations out afresh, and this may have 
contributed something to its volitional character. In general, the 
snbjects succeeded best who held their memories flexibly as hypoth- 
eses subject to rejection or revision as the case might be. 

5. PLATEiUS AKD HlERARCHnS 

The term plateau is here used in a broad sense to include periods 
of little improvement whether of long or short duration. Plateaus 
in which the times were fluctuating but remained at a high level 
occurred where there was a shifting back and forth between rival 
methods, more or less consciously employed, or where some feature 
remained intractable to control. Plateaus of the uniform type oc- 
curred where a single method had become well established which was 
not the most efficient one for the sitnation. 

As bns been stated earlier, the drops in the curve depended verj* 
largely on variations in method and their conscious use as hypoth- 
eses. Where the puzzle involved repetitive elements combined in 
complex waj"5, a most valuable variation was the getting of some 
mental grasp of the processes as a unity. Various forms of unify^ 
have been discussed under section 1, Extent of Analysis. In gen- 
eral, ability to anticipate the succeeding steps was most important 
for the process of short-circuiting, and where this process was total 
in character, in the way of a unitary view, the development of 
higher units of action was most rapidly attained. 
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The Solution op Pisoblems 
1. General Nature op the Processes of Solution 

a. Accident and Analysis . — ^The solutions of the major puzzle- 
problem, on the one hand, and of the minor problems of manipula- 
tion concerned with the acquisition of skill, on the other, were of 
the most varied types as far as the relation of analysis to success 
is concerned. In general, the solutions were not the result of mere 
straightaway thinking and the consequent formulation of a thor- 
oughgoing plan of action, but were the outcome of an extremely 
complex interrelation of more or less random impulses and of ideas. 

In a number of cases the solution came entirely by accident as 
far as the essential movement was concerned, but, even then, there 
was usually some awareness of the general position just before or 
just after the successful movement. Thus, in one case of a purely 
accidental success a vivid visual impression of the final position was 
obtained, and the solution later flashed upon the subject by means 
of an involuntary analysis of the resulting image. In most cases of 
accidental success, however, instead of a precise analysis there re- 
sulted at first merely a limitation of the problem center to the gen- 
eral region or kind of movement connected with the solution. 

In a contrasted type of cases anticipatory analysis played the 
leading role of determining the main line of solution and accidental 
impulses were effective merely in the detailed processes. 

(1) A number of illustrations of the different ways in which the 
successes were actually achieved will next be given. These are 
grouped into four grades or types distinguished according to the 
relative dominance and temporal priority of accident or of analysis. 

(al In the following cases there was no elemant of SG.tw,\patM>n 
of the result connected with the successful movement: 

“The final solution was a sheer accident. I was just starting to 
put the parts back in the original position in order to begin a new 
solution, when I thought I saw my way through.”— (Semicircle 
and Ring Puzzle). 

“I have no idea in the world bow I did it. I remember moving 
the loop of the heart around the end of the bar, and the two pieces 
suddenly came apart.”— 3ft (Heart and Bow Puzzle). 

21 
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List or Puixzxat Ktr to Piate 1 

I, F&o Wire; 2, Biejele; 3, Semidrde sod Eiog; 4, Hesri and Bow; 
a, nook sad Eytj 6, Two Face. 

7 , Mue Wire; 8, Sliding Triaaglet; 9, Hinged Loop; 10, Singed Bari; 
11, Siar and Crescent; 13, Ilioged Rectangle; 13, Croea and Ring. 

14, Double Hinged Dart; IS, Triple Horeesboe; 10, Triple Ring; 17, Hinged 
DumblMll. 

18, Jiujltau; 10, Twitted Hails; 20, Twisted Wire; 21, Twisted Anebon, 
22, Figbting Pig: 23,' Fighting Pig; 24, Fighting Pig; 25, Chain and Ring. 
26, Chinese Ring 10; 27, hiounted Wire Loop; 28, Chinese Ring; 29, Double 
Circle and Seaddrcle; 30, Chinese Bing 0. 

31, SiX'pieee Cross Long; 32, Twelve-piece Cross; 33, Wiaard CroM; 34, 
Bee Par. 

35, Eatxcnjammers 30, Lone Star War; 37, Ra«« War. 
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“I trlwl random fumbling for several minutes purposely to see 
if anjihing would turn up. ... I was only inattentively aware of 
wbat I was doing and did not plan it out. Was shocked with sur- 
prise when the rider came off .” — Hr (Fan Wire Puzzle). 

(6) In the cases to be given next the successful movement was 
entered upon nccidcnt.slly, but was completed purposely and svith 
more or less definite anticipation of the result. 

** ... So I .shook the thing into the original position, and 
worked with it again aimlessly. The first thing I knew, the pointed 
ends were through the rings, and by working at this position in a 
planner hard to describe, I got the two apart” — 117: (Tivisted 
Nails). 

“I got it off in a way I had decided I couldn’t. I saw a little 
way ahead that it would come off.” — Ta (Wire Jfaze). 

“The impulse to swing up the central loop came with a rush. 
It was followed by a partial perceptual cognition of its correctness.” 
—■Hr (Wire Jfaze). 

“I tried this, at first idly, but then, os I progressed, I had a 
idea that I was doing something, and gave careful attention. As 
I did this, I saw that I had not merely made a difference, but had 
entirely freed the end of the chain which I had used as a loop, and 
that therefore I could entirely free the chain from the stick. I saw 
this a little before I came to it, but not when I started the move- 
ment of the loop through the bole, nor even when I passed the rest 
of the thing through the loop.”— -ITA (Chain and Ping). 

“It seemed convenient to keep bold of the ring after I had once 
started it.”— Pc (Hinged Rectangle). 

(c) In the following group the general locus of the essential 
movement or some detail of it was defennined upon in advance of 
the successful manipulation but the solution was not worked out in 
detail and “accident” entered into the final process: 

“Then a conspicuous part of one section caught the eye and 
from that time it seemed certain that it mxist have something to do 
with the solution. Work was kept on about that point. The final 
solution had some clement of chance, 1 do not loiow just how 1 did 
it.” — Hd (Heart and Bow). 

“I tried bending the hinged circle and pushing it through the 
loops. This came as a perceptual inspulse, a sudden glimpse of re- 
lations not fully worked out, but fairly dear for the first step. 

Rr (Double Circle and Semicircle). 

In the following transitional case the “accidental” impulse 
following on the preliminary analy^ was caught in passage and 
was terminated purposely: 
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"The result followed fl dclibemlc nttempt to attack the loop 
end after recognizing the ring end to he impossible. The last step 
in the solution was a perceptual impulse with a flash of recognition 
of its similarity to a mos-cment in a similar puzzle. ”--7?r (Semi- 
circle and Chain). 

(cl) In the following cases the anticipatory analysis was much 
more complete: 

“I knew how to do it as soon as I Raw it. A visual image of the 
corresponding part of the Heart and Bow came on first sight. '’—Ta 
(Hook and Eye). 

"Considerable uncontrolled manipulation svas indulged in, but 
the ring was not gotten off in such manipulation. The random 
movement seems, however, in some way to have suggested a new 
way of looking at the pazric, and the latter ended in its solution. 
The manipulation resulting in success was here the tasting of a 
definite hj*pothesis.” — ir/j ("Wire Maze). 

"I began with rather aimless placing of pegs in order to get the 
hang of the moves . . . made several trials with a little analysis 
preceding each, but with so attempt at a complete analysis. Each 
time I would find myself brought to a stop without finishing and 
would have to analyze. Finally I anolj*zed the whole thing out 
beginning at the end, os follows: Since the hole marked 'navana' 
is to be left open till the lost (according to directions), the two holes 
distant two places from this can be left till tbe nest to the It^t; the 
two holes distant two places from these come next in order. I fol- 
lowed back in this way till I saw which were the first that must be 
filled. My analysis worked promptly." — TT/t (Lone Star ‘VTar). 

The cases given above were selected from a large number in the 
most of which the relations are much more complex. In tbe cases 
given as lUustrating accidental solutions, various nnsuccessfol at- 
tempts to think the thing out or to follow some apparently promis- 
ing suggestion had been made previous to the successful impulse. 

As has been previously stated, in most of the cases of accidental 
success the subject noticed tbe final position of the parts just after 
the solution, and so was in a porition to eliminate a lot of movements 
concerned with other portions of the puzzle. 

(2) Difficulty of Anticipatory Analysis. In the cases given as 
illustrating the anticipatory ^Tpe of solution, it will be noticed that 
in the second and third the development of a plan of procedure fol- 
lowed upon a period of more or less random manipulation. The 
first illustration is that of an immediate and total solution. But 
this subject had already solved a puzzle very similar to the one in 
question. No cases were found in which a really novel puzzle waa 
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“seen through” at once. One of the subjects was given the task of 
solving a fairly difficult puzzle without touching it. Three hours 
were spent in consideration of the puzzle before the subject felt sure 
that he had solved it. Despite the improbability of the references 
to the parts of the puzzle being intelligible to the reader a quotation 
or t>s’o from the subject’s notes may throw some light on the diffi- 
culties involved. “I guess this last was wrong, for the folding ring 
Avould not drop from the staple to the split ring, as I had thought; 
and as it does in the case of the small staple, where it falls across 
avithout trouble upon the larger staple. But does it do this? It is 
hard for me to be sure. Simple as the question seems, I can not 
easily, without trial, make out the answer. But if I imagine a solid 
ring in the position into which I have supposed the folding ring to 
‘fall,’ I see that it could not be got back into original position of the 
folding ring, and thence I conclude that I was mistaken in sup- 
posing that the folding ring would simply fall over on the large 
staple. ... If I could see how to put the folding ring — supposed to 
be entirely off — on to the larger staple, I should have it. ... I am 
anxious to put my plan to the test. I believe that I can see through 
it all right.” 

The subject then began the actual manipulation to test the theo- 
ries worked out. “Immediately I met a difficulty, and see that I 
shall liave to analyze further. The difficulty consists in the small 
ring getting in the way. . . . Got through the previous difficulty all 
right, but ran across another. ”~TrA (Double Circle and Semicircle). 

Tlae difficulties in picturing transformations in three dimensions 
are so great that few of the subjects tried with any great persistence 
to think the thing clear through in advance. Then too the impulse 
to manipulate seemed to be very strong, and this served to inhibit 
prolonged anticipatory analysis. ‘‘I started with the purpose of 
working by plan only, to solve it with anticipatoiy analysis, but got 
too impatient to see the parts in other positions to really test it.” — 
Ta (Hinged Rectangle). 

Even after a long practise series in which the puzzle had been 
successfully manipulated and the act reduced to one of skill, the 
subject was in some cases without any definite geometrical concep- 
tions of the actual transformations. The necessary cues for move- 
ment had been learned in their proper order, but a unified concep- 
tion had not been obtained. In one case of this sort — another subject 
working on the “folding ring” puzzle mentioned two paragraphs 
above— a low grade unity was obtained by conceiving the process 
as one of rhythmic reversal. This conception of the process came 
as a distinct experience and proved itself of value in the acquisition 
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of control of the part morements involved, bnt it 'was felt to be a 
rather superfieinl conception. 

Althouph a number of the puzzles had familiar geometrical 
forms, such os circles, pentagons, triangles, etc., geometrical con- 
cepts of the usual school type did not seem to play a very large part 
in the actual solutions. Tlie problem in most of the ca.ses required 
more or less complicated transformations in three dimensions, and 
the mental construction of these transformations constituted a difB- 
cult task and one for which the more statical type of training re- 
ceived in the studi’ of geometry seemed to furnish but little assist- 
ance. The experiences of cverj-day life with extensible objects came • 
in a number of times. “If it were a rubber band and one end were 
held on the split ring just inside the loop of the large staple, the 
other end could be so moved as to compass at once the end of the 
staple and the end of the split ring . . . A few puzzles in two 
dimensions were tried where the problem was the construction of a 
figure. Part of the problem was to determine the sort of figure to 
be constructed. “I hit on the idea of a square from the result of 
one of the tentative combinations. This seemed a likely enough goal 
for the puzzle and I could approach the problem methodically, 
namely by makiug a table of the relative sides and areas, and seeing 
if the total area was such that it would be a perfect square of any 
side that could be got from combtoiog tbe sides of the pieces. . • • 
The total area would thus be that of the side of a square with its 
side the longest side of the large triangle. I considered the other 
combinations of sides which would add up to 4, and experimented 
a little quickly getting the square.*' The two-dimensional problem 
was more susceptible of attack by geometrical methods than were 
the tridimensional. 

There was no question that the puzzles demanding transforma- 
tions in three dimensions constituted a novel problem and called 
forth untrained functions. That was snspected and was the reason 
for the selection of the material, but the extent to which it proved 
true was, nevertheless, surprising. 

Is there a single function for “transformations in three dimen- 
sions” or are there numerons special lunclional I^o experiments 
were definitely planned to test this point. It was noticed, however, 
that the ability to see tbe solution of a puzzle already known was 
affected by changing its position relative to the observer. The ability 
to manipulate it was, likewise, affected unfavorably, and the ability 
to take a puzzle apart could be highly perfected without that being 
true of the ability to reverse tbe process. 

b. Significance of Scientific Methods . — ^Tdeas of general methods 
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of procedure seemed to te more important in the attacking of new 
problems of the tridimensional sort than were the ideas of geometry. 
There was considerable difference among the various subjects, as to 
the degree to which variations were set up as explicit hypotheses to 
be definitely tested, as to flexibility of fundamental assumptions con- 
cerning the problem and as to the judgment used in their formula- 
tion, as to the employment of system and classification, end the de- 
veloping of generalizations. 

(1) Generalization. The value of explicit analysis and gener- 
alization based upon it is shown in the following case. In the 
Chinese-Ring puzzle there are numerous rings to he dropped through 
a loop in a rather intricate way. One of the subjects found that he 
could get certain rings off and not the others. Then it flashed across 
his mind that there was no apparent fundamental difference in the 
relation of the rings, and that if he analyzed a single case, a general 
rule could probably be developed. This was done and the puzzle 
solved. The subjects who did not develop an explicit rule in this 
case got into great difficulty when the number of rings was changed. 
Another subject not only analyzed out the general rule of procedure 
mentioned, in the first trial, hut also developed a corollary from it 
as to the turning points, which saved him an immense amount of 
time and error os compared with the subjects who did not develop 
this at all or developed it so late in the series that erroneous methods 
of procedure had become well established. 

(2) Grasping the Problem. There were great differences as to 
the readiness and precision with which the concrete problem was 
formulated. "With the wire puzzles the subjects were simply given 
the general instruction: “Some part of the puzzle is to be removed.” 
They were to “size up” the situation and form their own judgment 
as to the special problem in each case. In the Star and Crescent 
puzzle there is an interlinked star and an encircling star. The inter- 
linked star is interlocked with an ellipse hinged in the center. The 
relation is that of two links in a chain, one link being jointed. The 
fact of one link being jointed does not change or affect the relation of 
interlinkage. The encircling star Is the only thing that can be re- 
moved. One subject worked at this puzzle for 33,060 seconds— nearly 
ten hours altogether on five different days, and failed. At the close 
of the attempt he was asked to state what he was trying to do. He 
said that he was “ trying to get the interlinked star off first and then 
the encircling star would come off of itself.” Even here there was 
some elimination, since the subject said that it was impossible to 
separate the two parts of the hinged link, and that the solution was 
to be obtained by passing the star by some means over the hinge In 
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the case of another subject in the course of 300 seconds all the essen- 
tial points in the solution of the same puzzle had been determined. 
“ Star ‘ 2,’ the encircling star, is the one to come off- Neither star 
will go through the other, therefore the encircling star must go over 
the crescent. The movable star niiisf go down in the middle of that 
thing (the hinged link).”— Br (Double Star and Crescent). 

(3) Classification and Elimination. In some cases the classifica- 
tion and methods of elimination osed constituted the essential de- 
ment in the solution, and were rather elaborate in character. ^Vith 
the construction puzzles where there were a good many pieces to be 
fitted into each other to produce a gis’cn figure — as a tridimensional 
cross — the number of possible combinations was exceedingly large. 
Of two subjects, both began with the classification of the pieces, as 
to sjmraetry of the notches, etc., bnt one developed a much superior 
method of elimination of possible combinations to that of the other. 
An extract from the record of the more successful subject will be 
given, and, althongh the reader may not be able to picture the 
transformations described, yet the method may become obvious. 
“Six pieces! No doubt it is a triaxlal construction like the other 
one. [Subject here classified the pieces.] None have grooves on 
opposite faces. Does this mean that the pairs must face each other, 

1 . e., have grooves toward each other, as in the other pnzzlef . . . 
'Which are the pairst . . . The pieces can be arranged in order ac- 
cording to the amount cat cat, and p»erhaps this gives the clue to the 
order in which they have to be put in. For if, as is certain, the 
piece with the least 'cat out has to be tbe last to go in, may it not be 
that the piece with the most cut out has to be the first, because it 
will allow tbe most to be put in after it itself is in position f I 
suppose that it is not, however, tbe amount cut out of a single piece 
but of the pair that counts. . . . Any pair that you choose must be 
either mates or at right angles. This ought to be of some help for 
if this is settled for only two bars, the field of experimentation would 
be narrowed. The two that are alike can not form a pair, for. . . . 
Tlierefore the two that are alike must cross at right angles. Found 
a third which can not be a pair of either of the like ones, and thus 
had one of each pair. Now sought among the remaining two (ex- 
cluding tbe plain bar) for one which would be the mate of one of 
the like ones. This was not sneh plain sailing, as the ‘judgment’ 
was involved. Judged largely by the space left. One of the selec- 
tions promised well, and, following it op, I reached the conclusion.” 

TTA (Six-piece Cross). 

Elimination by Means of the Dilemma. In the case of another 
puzzle where the number of different possible combinations is 1,296, 
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and only one is the correct one, the method of elimination becomes 
crucial. For unless a person adopted a rigid method of recording 
■what he actually did each time and did something different from, 
what had been done at any previooa trial, he would be likely to re- 
peat the same fruitiess comhinalions indefinitely. Of two subjects 
who tried this puzzle, both classified the elements and each tried at 
first an apparently promising but really fruitless method of combi- 
nation. Then in the case of one subject the idea of exhausting the 
possibilities by means of a dilemma, with elimination at each divi- 
sion, occurred together with a happy insight as to starting point. 
The other subject failed to solve. In the case of this particular 
problem, the getting of a particular combination of figures on the 
faces of four cubes, an algebraical or “logical” type of analyst 
was much more applicable than in the case of the wire puzzles. 
Some transformations in three cfimenaons had to be imagined, but, 
in the main, substitutions could be made for this in terms of symbols 
which could be treated in a highly analytical fashion. 

(4) Flexibility and Explicitness of Assumptions. One impor- 
tant difference in methods of solution was to be found in the flexi- 
bility of the assumptions employed as well as in the explicitness 
with which these assumptions were conceived. It had apparently 
never occurred to the subject who worked ten hours on the Star and 
Crescent puzzle to question his assumption that the interlocked star 
was the one to come off. That assumption suggested itself to him in 
some more or less accidental way, and was not itself made an object 
of criticism. ' The proper method of manipniation in its initial 
stages occurred accidentally a great many times in his work, hnt he 
seemed blind to all such possibilities. 

(fl) Uncritical Acceptance of Similarity Suggestion. Similar- 
ity to another puzzle in some cases acted in this negative way, the 
similarity being in regard to some non-essential feature, and being 
accepted uncritically. A number of puzzles were aimilar in having 
a ring which could be removed from a triangle, aroimd whose point 
it hung, by folding the figure, leaving the triangle at the hinge, and 
mo'ring the ring around the figure. The subjects solved the later 
specimens of this class very readily. Then a puzzle which folded 
and had a ring on a movable triangle, as in the other cases but 
which differed from the others in that the triangle was to be left 
at the starting point and not brought to the hinge, was given to 
the subjects. They brought the triangle and ring to the hinge 
and attempted to leave the latter there. This made the solution 
impossible, but the attempt was persisted in and chance opportuni 
ties for the correct solution went unnoticed. One of the subjects 
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said after suecMi came: “I thought of the other hinge pnzxlca as 
soon ns I saw the hmpc and thought that this would have to work 
in the same way,” He spoke of a feeling of compulsion, that “the 
triangle just had to go to the hinge/’— To (Wire JIaze). 

Another subject, after many attenspts to solve in the accustomed 
way of the other similar puzzles, brought himself to question his 
method of attack, “ilaybe I am working on the wrong line alto* 
gcthcr. . . . Suppose there were no triangle, how would it, come offf 
The rider is the only thing that holds it on. Hence, if I get rid of 
the rider in the right way, it will come off. ... I wonder how it 
would do to leave the triangle at the starting point/* The sugges- 
tion as to leai’ing the rider at the starting point was the correct one. 
It followe<l this conscious attempt to change his assnmptioiu. — Te 
(Wire Slazc). 

The Triple Horseshoe pozzlc was given to another subject after 
he had solved the Star and Crrseent. The Triple Horseshoe is sim- 
ilar in many respects to the Crescent puzzle, but there is an essential 
point of difference. This subject not merely noticed the similarity 
at once, but questioned it instead of blindly accepting it? “This re* 
minds me o( the Star and Crescent as far as the folding, but per- 
haps you don’t do it that way. The problem is to get the small 
horae^oe off. Yon naturally can’t pull it over the large one. 
There must be some other way of getting it, some feature here is 
quite different from the Star and Crescent. I^et’a take an entirely 
different start." The correct variation followed almost at once on 
this conscious attempt to get a change of attitude.— Z?r. 

(h) Volitional Character of Assumptions. In some of the sub- 
jects the sticking to an assumption once started upon had a de- 
cidedly volitional character. The assumption had almost th& force 
of a "fixed idea," Aside from the specific determination to stick it 
out on the line started, there is the strong inflnence of mental 
inertia, the dread of changing. The latter tendency comes out with 
especial strength in the case of the introduction of possible im- 
provements in manipulation after a certain degree of success has 
been obtained- One dislikes to change even though he may realize 
that hia present method may not he theoretically the best. He 
dreads to give up something that he feels confident of for some- 
thing in which there is a possibility of not panning out. It is 
rather strange that a similar tenden^ should be found in the case 
of attempts that are not successful, in the first solution of a prob- 
lem. The mental attitude becomes fixed in a more or less chance 
way, and there is hesitancy about changing even when the present 
method does not bring progresa. 
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final movement. lie did this, and then was asked to choose which 
major assumption and which minor under it he wished to test. He 
was able to eliminate some possibilities at once and choose the cor- 
rect combination. He was then given the puzzle and solved it at 
once. In his previous attempt he had worked on the unfruitful 
hypothesis. Of course there is no mechanical way for the production 
of insights, but the conscious attempt to get into a different attitude, 
to realize that there may be other possibilities and to search for 
them, may be effective as a stimulus. In this ca.se the happy insight 
followed at once on the demand for a rival assumption. The subject 
exclaimed suddenlys “Think I’ve an idea.” — IfA (Bicycle puzzle). 

The method of constant dichotomizing if carried to the bitter end 
might very well sidetrack a person from reaching the eolation in the 
most direct manner, it might prevent his following a fruitful sug- 
gestion without delay and with confidence that manipulation or new 
suggestion would in some way bring the total solution. A fairly 
good chess player was asked to solve the Ileart and Bow puzzle with- 
out touching it and with the method of exhaustion applied not 
merely to the major element in the solution, but to the details'of 
manipulation at each step. As stated before, the thinking out of 
transformations in three dimensions with any precision is extremely 
diiBcnlt— at least it was for all persons tested — and in this case the 
subject found it impossible to carry some of the minor transforma- 
tions through so as to decide definitely between rival hypotheses in 
advance of testing them. He outlined the correct line of attack, 
locating the critical point in the solution, but could not carry the 
processes throngh so as to be able to say precisely bow he would get 
to that point. Consequently in the 5,000 seconds spent in this way a 
very important point in the manipnlation at the “critical” part was 
not determined. The solution to that came the morning after as he 
was thinking the experience over . — Ft (Heart and Bow puzde). 

The subject stated that he thought the necessity for working out 
all the details in the exhaustive fashion required had impeded him 
in working out the essential point. The purpose of the experimenter 
in this case was that of testing not only how far the general solution 
could be attained in this way, but also the extent to which the entire 
technique of manipulation could be worked out ia this completely 
anticipatory manner. The case serves probably, however, as an 
iUostration of the difficulties in carrying over the algebraical type 
of solution to cases where the perceptual and image functions are 
essential but .undeveloped. The total time for solution in this case 
was 10 times that of the average of the subjects who began manipu- 
lating at once, and 100 times that of the subject who analyzed the 
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vnrinnts of anollier puzzle which differed in the direction of certain 
wires, but were alike in manipulation; although it was suggested to 
the subject that there might be differences, none were noticed, until 
the puzzles were examined simultaneously and with the purpose of 
looking for differences. In the Hook and Eye puzzle a loop is to be 
moved around and into a" reentrant ring. It can be moved in from 
one side but not from the other. Of nine sixbjccts who solved the 
puzzle only two made the discrimination in advance of the actual 
difiiculty. Of those two, one started to move in the wrong direction 
but retraced before getting into difficulty, and the other made the 
error as a result of inattention on the following trial. 

An illustration from the records of one of the subjects concern- 
ing the discrimination in question will show the part that difSculty 
plays. The puzzle consists of a ring of svirc with a reentrant end and 
a loop encircling the wire. The loop is removed by following the 
mre to the iwint where it becomes reentrant and then passing it 
over the reentrant end. 

Trial Is “I noticed the possibility of springing the ring apart 
inside of the square, and so thought of pushing the loop in there. 

I suspected rather than saw that this was the path to solution. Felt 
sure enough to start in that direction, and, as I proceeded, I saw 
into the last part of the process before I got to it.” 

Trial 2: “I tried first putting it around the wrong way, in the 
first trial I had not felt perfectly clear why I had put it one way 
rather than the other. Some mechanical resistance, not experienced 
in the preceding trial, made me suspect that I was wrong, and I 
looked more closely, but tried the other way and succeeded before 
clearly seeing why one way was necessary rather than the other, 
and saw that as the ring ended in the central prolongation it was 
neeessaiy to push the rod off the end of the prolongation to get it 
off the ring.”— TWi (Hook and Eye). 

4. Discbuiination and Iuagebt 

This tridimensional transformation type of discrimination did 
act seem to fiuve say cfrmrf ta tlie ejctest nsasl 

as reported by the different subjects. The following table of subjects 
for whom the conditions were directly comparable will show the 
lack of correlation. The times for the first successes in the case of 
the Heart and Bow puzzle, first line, and the Star and Crescent, 
second line, should decrease from left to right if there were a direct 
relation between visual imagery and success, since the subjects are 
arranged in the order of their visual imagery from left to right, the 
subject at the left claiming to have no visual imagery whatever. 
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Br Ba Tt Sd Ta Te 

Heart and Bow 43 275 572 831 323 13,532 

SUr and Crescent 470 963 1,476 1,775 1,280 fail (1,660) 


The relation indicated here ironld be that of a negative rather 
than of a positive correlation. It is not claimed that a negative 
correlation would hold if a lai^r nnmber of cases were examined, 
but that visual imagery is not essential to the process. The subject 
who made the best record states that he is entirely without visual 
imagery. He is an instractor in logic and scientific methods and is 
without training in manoal arts. Of the two subjects who reported 
the most vivid visual imagery one was very successful in dealing 
with the puzzles, especially in the detection of similarity of a given 
pnzzle to earlier puzzles in the series, but the other subject required 
400 times as much time to do the first puzzle and 200 times as long 
to solve a puzzle which was similar to it as did the first “visile.” 
TTA seems to be practically destitute of visual imagery, but be solved 
fifty puzzles, some of them being done under difficult conditions, as 
with eyes dosed, with his hands behind his back so that both lack 
of vision and nnaccostomed tactual-motor conditions would prevail, 
and with vision but without the privilege of manipulating at alL 
His records were not included in the table just given as he per- 
formed the solutions in a different order ^rom the other subjects. 
His records for these two puzzles were low, 54 seconds and 238 
seconds, but thb may have been due in part to transfer from earlier 
and similar puzzles. 

As stated above, the writer finds the process of analysis, as far 
as his introspections have gone, to be of the same sort whether oc- 
cnrring in the field of perception or of imagery. He found great 
difficulty in the attempt to image the tridimensional transforma- 
tions in advance of any movement, but, on the other hand, he found at 
certain stages a decided help in withdrawing the pnzzle from si^ht 
or in closing his eyes and then attempting to work ont the relations 
involved. The advantage in favor of the image seems to consist in 
the shearing off of irrelevant detail, and in the bringing of the total 
process within the time span. Since the tendencies to movement are 
more pronounced with perception than with ideation, the irrelevant 
detail mentioned is more likely, in the case of perception, to result 
in. distracting movements. The writer's visual imagery is rather 
scanty in detail of objects, it comes part by part, and is poor in 
coloring; his “imagery” is shot through with motor tendencies. 
Since no motor trains were actually set going by the latter they were 
not distracting, and they seemed to be of positive benefit in binding 
ft, difEenot part, togafter. Th, Mdiiig up <,f , ima., i7 
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however, no easj’ matter for the writer. In the case of a complex 
puzzle TOth halls strung on loops of string the final unified image 
was obtained after a long process of painful effort. The different 
stages in the transformation were con.structed bit by bit and with the 
help of verbal imagery, both to stimulate the isrocess and to fixate 
what had been obtained. Finally all the different steps were pat to- 
gether and the total process was given verbally. After it had once 
been obtained the process could be reviewed much more rapidly and 
surely than with actual manipulation. 

The subject who had complete and ready risual imagery and who 
also succeeded well was rather reluctant to state the process of 
solution verbally; the verbalization followed upon the development 
of the visual imagery. In the eighth trial of the Chinese Ring puz- 
zle he said; "I think I can do it again, but I can not tell how. I 
believe I have a visual image of the different stages of the process, 
but I can’t describe the separate steps.” In the eleventh trial he 
gave a verbal account of the main process. The subject with “no 
■visual imagery” described whatever he was doing while he was 
doing it. 


5. Attitcpes 

a, The Self^attentivc AUitvie . — ^Tbat the puzzle situation was 
decidedly of the novel type is shown not merely by the slight capac- 
ity of the subjects to construct mentally tbe required transforma- 
tions but also by their emotional attitudes. The first impression was 
frequently that the puzzle was impossible of solution, and the sub- 
jects spoke of feeling “hopeless" or “helpless.” There was a fairly 
constant undertone of questioning as to whether the subject was not 
really very much inferior to ordinary people, especially when things 
were slow in opening up. Some of tbe subjects expressed the fear 
that the experimenter must be getting bored or that he would think 
them extremely stopid. An extract from one of the snbject's ac- 
counts will iUnstrate the attitude. 

“It seemed to me that if anybody had given it to me without 
saying that it was a puzzle (a bona fide one) I wonld have said it 
was impossible up to the last minnte. I have a feeling now of loss 
of esteem. I had this all along because I couldn’t do something 
which was made for people with ordinary brains to do. One conclu- 
sion that kept running through my mind all the time was that I had 
a Bubordinaiy brain. I couldn’t help having a gleeful, self-satisfied 
feeling when it actually seemed to be co inin g off, although it was a 
surprise .” — Tz (Chinese Rings). . 
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An illustration from the sixteenth trial in the first practise series 
for the same subject rrill shQ\r much the same mental state of affairs 
springing up after the puzzle.had been pretty well learned, when, all 
of a sudden, a new position had to be coped with, the novel situation 
breaking in on a fairly well established adjustment. “The heart 
was not slipped over the end of the bar (it would then have been off) 
but was pushed back on the same side and instead of the heart fall- 
ing free it was in an entirely new position. This had to be studied 
out before the heart could be freed. I felt chagrined and became 
nervous, feeling that the time was being wasted. I felt a dislike to 
waste more by studying anew the manner of releasing the heart from 
this new position. But I knew this was necessary, so I gave up 
almost wholly the idea of time and the how became uppermost. I 
became then less nervous.” 

This nervous self-consciousness seriously lowers efficiency both in 
the first solutions and in the process of skill acquisition. When the 
break occurs even late in the practise curve all the old errors, ap- 
parently outlived, crop out again rrith an almost fatal regularity 

• and by their reappearance gain new strength. 

The latter part of the last quotation illustrates the more or less 
complete change from this self-conscious attitnde to one of absorp- 
tion in the thing to he done. The same subject after solving his 
eleventh puzzle said: “I did not hurry, made up my mind not to get 
flustered — a different attitude toward the puzzles now than at fiisL 
I look at them now as I would a problem in mathematics, ». c., I feel 
that I have some fundamental principles with which to attack ftipm 
I had made up my mind before not to get rattled but didn’t hold to 
it. There seems to be a change .” — Tz (Wire hlaze). 

This reversal of attitude was utimulated and brought about in 
various ways : 

1. A chance success with the first puzzle in the case of one sub- 
ject resulted in a complete change of attitude toward the remaining 
puzzles. The cluef factor here seems to have been the removal of the 
conviction that the puzzle was impossible of solution. This convic- 
tion could not he overcome by the assurances of others; actual per- 
sonal success, although a chance one, was necessary in this case. 

• 2. The voluntary holding before the mmd of the value of the 
objective attitude and the conscious attempt to get it seemed effi- 
cacious in many instances. This was true not merely in getting the 
first success with a given puzzle, but also, and stri^gly so in the 
acqxusition of skill in manipulation. 

3. After several puzzles had been successfully dealt with confi- 
dence was developed in a number of the subjects that the new puzzles 
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would not be wholly unlike the old. They felt that they had a body 
of rather closely related experience which could be used in attack- 
ing the new problems. At the beginning of the series the opposite 
conriction was noted, that (he subject had nothing with which he 
could directly attack the problem. 

4. Confidence was developed also in connection with the belief 
that the subject had some general methods with which to deal with 
nov^l situations. Under this head might be mentioned belief in the 
value of general logical and scientific methods, and the belief in the 
self as essentially variable provided favorable conditions were sup- 
plied. This last factor was noted only in the case of a few subjects. 

Knowledge that another subject bad succeeded where a given 
snbject had failed in some cases seemed to stimulate the subject, to 
bring increased confidence, and in others to result 'in depression and 
an apparently lessened capacity to vary. In the latter cases the 
subject’s attention seemed controlled by the idea that be was much 
inferior to others and in the former cases by the idea that it couldn’t 
be so veiy difilcult after all. 

In concluding this section on the Self-conscious Attitude it may - 
be stated that one of the most striking phenomena of the whole in- 
vestigation was the large place in the consciousness of the subjects 
occupied by this idea of the self being on trial,, usually with an ac- 
companying apprehension .that it was proving sadly deficient, and a 
correspondingly insistent demand for social appraisal. The experi- 
ments were not planned to encourage this socialked attention hut 
rather to minimize it. There were almost constant indications of its 
presence, however, and occasionaUy it cropped out with a vigor 
which betrayed its latent strength. Thus, one sedate superintendent 
of schools, who was acting as a aabject, suddenlj broke out with, 
“You simply must tell me how I am getting along in comparison 
with the others.’’ 

6. The Suggestible Attitude . — In two of the subjects there 
seemed to be a special sensitiveness towards any movements of the 
operator which might give an indication as to the course to be pur- 
sued. In such cases as this there is a lack oi con£dextce in the self 
but the attention is directed not to the self but to some other person. 
The center of gravity, if one may so describe it, of the responsibility . 
is located elsewhere and the suggestions, intentional or uninten- 
tional, of the other person or persons concerned are accepted un- 
critically. This tendency was noted by the writer in his own case 
in novel situations of a more distinctly social type, such as bnsiness 
transactions of an unaccustomed sort, or other similar cases where 
persons instead of things were to be dealt with and where the other 
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person was felt to have superior information as to the matter in 
hand and the self to be deficient. 

c. The Problem Aitihide . — ^In contradistinction from these two 
attitudes, which are certainly not favorable to efficiency, a third at- 
tit\ide, conducive to efficiency in dealing with novel situations, might 
be called the problem attitude. A tentative outline sketch of such 
an attitude will now be pven. It would be an attitude of self-confi- 
dence as opposed to the self-distrust of the two preceding ones. The 
self-confidence would not be one of slnggisb complacency however, 
but would be expressed in a high level of intellectual activity, of at- 
tention. 

Attention would be directed to the thing to be done rather than 
to appraisal of the self. This does not mean that attention might 
not be directed to the analysis of some successful movement made by 
the self, whether in terms of resident or remote cues of action, or 
some general condition of effective response by the self, for in these 
cases the attention is on the problem of working out the mechanism 
of control. 

There woiold be a freedom towards variations and a confidence 
that the organism woxild furnish them. 

There would be a corresponding and compensating tendency 
toward critical evaluation of variations, a fiexible holding of as- 
sumptions and suggestions and a rigid testing of them, ideational or 
manipulative, whether these suggestions emanated from the self or 
from a “prestige-person.” The varions factors entering into this 
attitude, self-confidence, high-level attention to the thing to be done, 
openness toward novel lines of attack, and critical evaluation of 
suggestions from whatever source, were noted in the puzzle series to 
be connected with efficient forms of r^ponse. 



CHAPTER IV 


Puzzle Matt biat. and Tests op Inteluoence 

As possible tests of comparstipe intelligence Cole’ has used, on 
the basis of KinnamanV resalts and his own with animals working 
with puzzle boxes, the ratios of trials 1 to 2. The ratio for Kinna- 
man’s monkeys was found to be 2:1 and for Cole’s raccoons to be 3:2. 
The ratio in the case of hmnan subjects working with puzzles of the 
physically analytical as opposed to the physically constmctire type 
was found hy the writer to be 7:1. This result was ohtaiucd by 
adding together the first times of all comparable sointions for thirteen 
different puzzles, there being seventy-three such first solutions in all, 
and finding the ratio of this som to the xnm of the times for the second 
trials concerned. The question as to the significance of this ratio will 
sow be discussed, the value of certain other possible measures will be 
considered in the light of the results obtained with the pnzzles, and 
certain general considerations bearing on the problem will be ad* 
doeed. The use of ratios will be considered from the standpoint of 
measurement of iodiridoals within a single group and from that of 
the comparison of different groups. 

1. Intra-Gboup Measubeuent 

a. Eatio of Trials 1 and 2 . — If the individual ratios of trials 1 
and 2 for the seventy-three cases mentioned be calculated, the time 
of each first trial being used as the numerator and its correspond- 
ing record for trial 2 being used os denominator of the ratio in ques- 
tion, the range of variability exhibited is striking. The maximum 
ratio thus found is 134:1 and the minimum ratio is inverse, 1:45. 

If the first and third trials instead of the first and second are used, 
the extreme instances are further apart, the upper ratio is now 
200:1 and the lower is 1:13.4. The group, or inter-group, ratio 
would thus be decidedly misleadiog if taken without some measure 
of variability within the group. Incidentally the inverse ratios show 
that the process of learning manipulations by hnman beings is not 
always a case of getting a clear idea as a result of a single snccess 
with a consequent sudden drop in the cnrre, but is at times similar 
tv. Cole, Jour. Comp. Vrvr. and PtjfCh., Vol. XVH., p. 211. 

* A j. KiimamAn, A.m. Jour, ftpeh,, Vol. 2III., pp. J2S-127. 
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h. Absolute Pleasures.— It would secnj from the illustration just 
given, that ranking by absolute times would obviate the difllculfy 
just raised as to possible raisrepnsentation of the kind of analysis 
involved. That this is not the case as applied to the absolute times 
for trial 1 will be seen from the following illnstrotions. In the case 
of the puzzle referred to above, the Heart and Bow, the time of one 
accidental first success was forty times that of another. While the 
times for accidental success might in a way measure the relative 
variability of the subjects and so be of value, it would be a veiy 
nnprecisc form of measurement, as it would be determined by the 
chance order as well as by the number of the variations. 

The time for later trials is often greater than for trial 1. In one 
case of accidental first success with the Heart and Bow puzzle the 
lime for trial 2 was three tiroes that for trial 1, the times being 
respectively 575 seconds and 1,8S5 seconds. In another case, Star 
and Crescent puzzle, the time for trial 3 was thirteen times that of 
trial 1, the times being (1) 132 seconds, (2) 590 seconds, (3) 1,775 
seconds. 

A third illustration is given in the fact that an accidental solu- 
tion is often shorter than one (bat is planned. The time for the 
accidental success mentioned in the previoos sentence, 132 seconds, 

Is less than one third the time for one success reached by analysis, 
476 seconds, and less than one ninth the time of another, all for the 
same puzzle. 

While the time for trial 1 might be thus largely aTected by acci- 
dent, the times for trials later than this would reveal the Idnd of 
analysis performed in trial 1 whether (he success were accidental or 
planned. A successful variation may be unpremeditated and yet 
caught on the vring by attentive analysis, and consequently resnlt 
in a drop in time in the suceee^ng trial. Of course accidents may 
be repeated without analysis having taken place, but this seems to 
have been a rare occurrence in the puzzle series. As measures of 
the early part of the curve the following times have been used: for 
trial 2, for the median of trials 3-6, and for the lowest of trials 2-6. 
The following table presents these measnres for nine subjects, whose 
results are comparable, for the Heart and Bow puzzle. The table 
includes also a grading as to the kind of analysis made dminc the 
first trial and as to the degree to which it was accidental, and, 
further, the times for trial 1, and the individnal ratios of trials 1 
and 2. The gradings as to analysis are based upon the subjects’ 
own accounts and also upon the operator’s records of their behavior. 
The letters under the caption **AjitidpaHon”in the table refer to the 
degree to which the solntion was a result of anticipatory analysis. The 
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grade “A” means that the solution was accidental. The grade “C” 
means that a certain portion of the puzzle was selected as the central 
element, and that the solution followed on thia focalization. Pour 
grad^ were used in grading solutions as to anticipatory analysis, 
but only two grades were found with this puzzle. The numbers 
under the term “Analysis** stand for the degree to which the 
analysis was carried as a .result of trial 1 and preparatory to trial 2. 
A very high percentage of the solutions is seen by the letters to have 
been accidental, viz., C out of 9. The subjects are arranged in the 
order of the times for trial 2. A second table presents the results 
of the preceding table in terms of relative rank only and includes 
in addition a ranking as to errors and a summation rank. The grade 
as to errors was determined by taking into account both the number 
of errors and the point in the curve where they disappeared. The 
lower numbers indicate that the errors were few and disappeared 
early. The summation rank is given in two forms, a total summa- 
tion of all the columns, and a snmmation of all except for trial I and 
the ratios of 1 and 2. 


TABLE I 






Br 6.0:1 43 

Ta 27.0:l 325 

Rd 49.0:1 851 

Bg 5.9:1 275 

Tb 2.7:1 672 

Ut 1.4:1 351 

Ry 200:1 5,203 

F« 38 6:1 13A32 
Po 0.3:1 575 


7.0 
12.2 
17.3 
46 6 


256.4 


35in 
1,SS5 0 


11 


1.0 


1.7 

2.4 


300 

36 6 

37 0 
500 

269.0 


5 

I 

T 

s 

80 
9.4 
195 
16 0 
18.4 
500 
214 0 

26in 

45.0 


5 

I 


2 

z 

3 

8 


I 

1 

■B 


85 05 C 

8.9 5.9 A 

26.T 16 0 C 

182 65 C 

54.8 85 A 

104 0 27.0 A 

223.0 143 0 A 

233 0 40 0 A 

404 0 ' 18.0 A 


ConsiderstioB of the tsbles iriD shojr that the grading by tie 
medians of trials. 2-6 agrees most closely with the grading as to 
kinds of analysis, as to errors made, and to the total rank. It 
will also show that grading as to tunes for trial 1 and as to ratios of 
trials 1 and 2 depart widely from the standards mentioned. Since 
the median agreed more closely with the above than did the times for 
trial 2 or for the averages of trials 2-€ or for the lowest of trials 1-6 
and since it is more easily found than the average, it was adopted as 
. a measure of the early part of the curve. 

c. Satios inW a Common .Vuintrofar.— It ratios of trial 1 to some 
other measore ot the early part of the cniTe be desired, the use of a 
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3 

3 

2 

2 

2 

1 

2 

2 

2 

2 

Rd 

1 

7 

3 

5 

4 

5 

5 

5 

6 

4 

Bg 

6 

2 

4 

3 

3 

2 

3 

4 

3 

3 

Tz 

7 

S 

6 

4 

6 

4 

4 

3 

4 

. S 

Ut 

8 

4 

6 

7 

6 

7 

5 

7 

6 

6 

By 

4 

8 

7 

8 

.7 

9 

S 

9 

6 

8 

Fe 

2 

9 

8 

9 

8 

8 

5 

8 

9 

8 

Po 


0 

9 

6 

9 

6 

5 

6 

7 

7 


Biligle numerical standard as nmnerator for all the fractions would 
have the advantage of giving the same rank as the absolute meas- 
ures themselves and of furnishing further indications as to the sort 
of mental processes involved- The following table gives the ratios 
of the highest individual time for trial 1 to the medians of trials 
2-6 for the same puzzle and subjects as the tables just preceding. 
The highest time was 13,532 seconds, Pe. 

TABLE ni 

Br Sd S/ 7i Hi fti R P9 

Ratios Of 13432 s«ooncU 

io times lot ffiediaiia . . l,C9i 1,440 70S S46 733 271 63 S2 301 

IndiTidual ratios 5 35 45 17 31 7 24 52 13 

It will be seen that, while f’c’s ratio is highest when the individ- 
ual times for trial 1 are used as numerators, it is lowest if a con- 
stant numerator is employed. 

d. Comparison of the Practise Curves as TTAoles. — The measures 
so far presented concern chiefly the first few trials of the curve, and 
measure the readiness and completeness with which the main prob- 
lem is solved- Success in handling the puzzles in minitnmn time de- 
pends, however, on the solution of minor problems of manipnlation- 
Some convenient test is needed for the comparison of the curves as 
a whole, since it is at times not convenient to present the entire 
curves, and since it is often difficult to make the comparison even 
then. The following table is prepared by sampling the curves at 
various points by means of the medians of a few trials at those 
points. The columns present respectively the medians for trials 
2-6, 6-10, 21-25 and 39-50, and a summation ranking for the whole ■ 
curve. As compared with the previous tables this one is incomplete 
as it was not possible to secure fifty trials with all the subjects. The 
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most marked case o£ ckange of rank as between this table and the 
previous ones is that of Tz, who here ranks number 1. The rise 
in rank in his case apparently resulted from an explicit analysis of 
the minor problems of manipulation. 


MedUm* 2-< 


Dr 1 

Ta 2 

Rd 6 

. a 
Ts 4 

ift 7 

Ry 8 

Fe 9 

Po 6 


TABLE IV 

MO 21-^ SO-50 Summation lUnk 


2 

6 


7 

8 
6 


2 

2 

4 

1 

3 


6 


2 


3 


e. Perception of Simitarity as a Test.— A test of the mastery of 
a given, puasle problem may be found not merely in the ways already 
indicated but also in the readiness with which a related problem is 
solved, and in the nature of the mental processes involved. Six of 
the nine subjects listed above were tried after several days’ interval 
with a puzzle closely similar to the Heart and Bow. No suggestion 
was given by the operator as to there being any relation to a previous 
puzzle. The subjects were graded as to their standing in trials 1 
and 2 in the new puzzle, the Hook and Eye. Their rank is as fol* 
lows ; 

Br Vi By Tt 

3 1 S 4 2 6 


The ranking agrees fairly well with the ranking gained by nse of 
the practise curves of the Heart and Bow puzzle. 


2. Inter^jboup Measurbiieots 
T he comparison of groups by means of the ratios of the aver- 
ages for the first and second trials would seem to be open to the same 
objections as the comparison of individual ratios within a given 
group when both numerator and denominator vary. Valid intra- 
group comparison seems to nec«sitate the use of a constant numer- 
ator and the same principles wotdd apparently apply to inter-group 
comparisons. As compared with an animal group the different puz- 
zles and subjects might be taken as a homogeneous group, and it was 
80 considered in determining the group ratio of 7:1. But within 
this one group there was a wide variation between the ratios of the 
averages of trials 1 and 2 for the different pozdes, the ratios ranging 
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from 1.5:1 to 40:1. The times for trials 1 and 2 respectivelj' vere 
averaged for four selected subjects for eight different puzzles. The 
ratios are given in the follo^ving table. 


Heart and Bow 7 :1 

2 Star and Crescent ....... 4 :1 

Chinese Rin^ f4) 2.£:J 

Chinese Rings (41) 3 :1 


Cross and Ring 10 ;1 

Hinged Rectangle 11 :1 

Boole and Eye 3 rJ 

Semicircle and Ring 1 :i 


The subjects rrere Sg, Rd, Ta, Tz. The puzzles are arranged in 
the time order of their performance. The higher ratios belong here 
to the puzzles in Trhich analysis of the "locus” type played the 
largest part. The lowest ratios belong to the pnzzles in which the 
transformations were esi)eciallj' dlBScnlt to constmet, as the Chinese 
King and the Semicircle and King. The ratio is low for the Hook 
and Eye puzzle because of its similarity to the Heart and Bow, This 
similarity resulted in low initial tiroes. 

The range of Tariability in ratios here with a narrowly selected 
group of subjects and with puzzles all of the same general class is 
twice that o£ ratios used in the comparison of men and animals. It 
is not maintained that a high ratio always indicates a "locus” type 
of analysis, as that is not the case, but that the two may be found 
together, and that for that reason inferences from ratio to mental 
processes are insecure unless the nature of the problem is specified. 

A test for inter-group comparison making use of modifications of 
a given puzzle form is touched upon in the following section. 


3. Genur-vii CoNumoNs op Compabatite Tests 

Even if the comparison were confined to members of a group 
working with a single puzzle, certain general factors would need to 
be either equated or evaluated before the measure secured could he 
taken as a measure of intelligence. These factors have been for the 
most part treated in other chapters and will he but briefly touched 
npon in this connection. 

a. Physical Condition . — ^Thus Br’s efficiency in getting first solu- 
tions was apparently seriously unpaired by a necessary change from 
a favorable to an unfavorable time of day in case of one of the meet- 
ings. He complained that he could get “no insights.” 

b. Degree of Development of the Fundamental Function . — As 
stated in a previous chapter the capacity to construct transforma- 
tions in three dimensions seems to be relatively undeveloped. The 
two-dimensional problems seoned much easier of solution. The 
Writer had intended to examine into the effects of manual training 
and of the study of descriptive geometry by taking series mth sub- 
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jects both with and ^vithout the training in question but otherwise as 
homogeneous as possible, but he has not been able to do that as yet. 
A single manual training teacher was tried with a few of the puzzles 
and she did very well but that may have been due to other causes. 
"Whether there is a single function of the sort referred to or whether 
there are many was not determined, but it was noted that presenting 
the puzzle in a new position interfered with readmess of solution, 
that learning to do the puzzle one way did not necessarily bring the 
ability to reverse the process, that pronounced success with one type 
of puzzle was not alwaj^ accompanied by success with puzzles of a 
different type. 

c. Concrete Related Knowledge . — TTA was given puzzles involv- 
ing all the fundamental principles of a new and complex one, the 
Hinged Rectangle. He solved this the first time in 45 seconds. The 
best time made hy a person who had not solved the pnrdes involving 
the principles was 1,346 seconds; the puzzle was a difficult one and 
two subjects failed to get it. The subjects who had been given some 
but not nil of the elements of the complex puzzle ranged in times 
from 157 seconds to 5,132 seconds. Their records arc given in the 
following table. 

S3 Tt > Mt St CD Sd 

1S8.S 302.4 373 064 6 2,IS0 3,262 S,13S 

d. General Methods . — Ideals of scientific method seemed to be 
effective in proportion to the novelty of the experience. The boys, 
without scientific training, failed to develop a general rule or form- 
ula in the case of one puzzle where complications were introduced 
necessitating changes in manipulation which could be predicted if a 
general formula of solution bad been developed for the solution of 
the puzzle in its first form. This generalization was made by those 
with scientific training The boys did not show themselves much if 
any inferior in the use of concrete related knowledge as supplied in 
earlier and similar puzzles. 

e. Attitudes . — This topic was discussed at the close of Chapter TTf . 

If these and possibly other important factors were imder con- 
trol, we might hope to get some test for intelligence which would 
measure the variability of the subjects in both qualitative and quan- 
titative terms. The term variation is used to include not merely the 
coming of a suggestion or impulse but also its evaluation. One of the 
best ways of doing this seems to be that of training the subjects with 
a puzzle of a given type and thai studying their capacity to use this 
knowledge in dealing with more or thoroughgoing transforma- 
tions of the principle involved. The table just given shows the 
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range of facility in utilizing related knowledge in dealing with a new 
case. The following table for the Hook and Eye puzzle gives further 
detail. This table has been presented already but in the form of 
relative rank o^y. AH the subjects had solved a closely similar 
puzzle previous to wiving .this. 


TABLE V 
Hook aso Ets 


X]/ Br 


7b n 

7.4 12.0 

4.4 3.0 

6.0 2.8 

2.8 1.8 

2.6 1.8 

2.6 42 

2A l.B 

2.3 3.3 

1.8 2.9 

1.0 1.6 


29.0 44 

02.4 7 

13.7 

11.7 
6.5 

3.8 

3.0 

2.0 

2.8 


Bg St 

117.4 164.2 

6 0 4.4 

4.6 2.8 

3.0 3.0 

6.0 2.4 

4.2 2.3 

3.6 2.6 

3.6 2.2 

3.8 3.0 

6.4 2J2 


CO rt 

4482 1,453.4 

4.0 1,869.0 

3.4 617.4 

3.2 25.8 

2.6 26.8 

2.6 23.8 

2.2 16.0 

2.4 ' 8.4 

2.0 6.8 

2.4 64 


The two subjects making the best records, Ta and Tz, stated that 
they thought at once of the Heart and Bow puzzle. Ft had a vivid 
mental picture of the latter puzzle, but her attention became fixed on 
an irrelevant feature and she made no nse of the experience. This 
result illustrates rather powerfully the difference between having 
the related experience, or even recalling it, and the using of it in deal- 
ing with a problem. 

By vsiying the number and complexity of modifications of the 
original form of problem, the subjects could be distributed accord- 
ing to their capacity to use related knowledge, and a comparison 
between groups would become possible in terms of modifications 
mastered, even when it would be difBcolt to compare the difficulties 
of the original problem. This seems to promise especially well where 
the groups are widely separated as with annuals and men. 
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Tiie Place op Akalysis in the Practise Curve 

It vras suggested in* the preceding section that not merely the 
first few trials, but also the whole course of improvement in practise, 
might be used as a “test of intelligence" provided the many and 
seriously complicating factors involved were borne in mind. Ac- 
cording to the results of Book and of Swift the course of practise 
would hardly seem suitable for such a purpose. They found, to be 
sure, that drops in the curve were very largely dependent on varia- 
tions in method, bat they also found that these variations were most 
effective if allowed to grow into habits of action without being 
specifically attended to. This is quite possibly an overstatement of 
their position, bnt, with that understanding, it may serve to define 
the question more sharply. To quote : * 

Swift, “Jlind in the Jfaking," p. 213: “It is suggestive that in 
all these experiments the method by which the reaction was im- 
proved was hit upon unconscionsly. The learner simply tried to do 
the tldcg npon which he was working, and, in the process, he found 
himself.using an improved method, and the new acquisition was al- 
ways well along before it was discovered. ... In order to test the 
matter further, the writer has since tried the experiment of learn- 
ing to handle a punching bag skilfully, and here also it is quite clear 
that all of the delicate movements by which the bag is made con- 
tinually to rebound with a rapidity that the eye can not follow 
were happened upon quite unconsciously. There is a subconscious 
utilization of experience.” 

Book^ “The Paycbology of Skill,” p. 171: “The new adaptatians 
or forward steps were made quite unintentionally so far as the sub- 
jects were concerned. They were simply fallen into when the condi- 
tions were favorable for making a forward step and were executed 
marginally for some time before the learners became aware of their 
presence and value for the work. 'When the advantage of the new 
method had been noticed it was generally thereafter made use of 
purposefully though, even then, consciousness seemed to be more a 
hindrance than a direct help.” 

The results of the practise series with the puzdes seem to show 
however, that with sueh material, at least, the method of conscious 
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control is the efCcient one. A lai^c percentage of the motor varia- 
tions come, to be sore, withont definite anticipation; they are started 
and perhaps well along in their conrse before their significance is 
realized; but their value seems to depend rather directly on their 
being noticed, purposelj’ tested, and adopted or rejected as the case 
may be. The value of the explicit analysis of the variation is, of 
course, most pronounced when the conditions are changed, but the 
conditions are rarely precisely the same, however careful one may be 
in the attempt to make them so. 

1. Pebcektage of Drops due to Conscious Variations 

One hundred and twenty-eight cur\-es were examined and the 
drops in time marked. Reference was then made to the accounts of 
the trials concerned as jeept by operator and the subject. If it were 
found that at the point in the practise curve where a given drop oc- 
curred a variation In method had been introduced by the subject and 
reported by him, and if the variation were known to have some sig- 
nificance as a means of control, the drop was recorded as dne to the 
conscious adoption of a variation. Variations often appeared in a 
single trial and were reported by the snbjeot bnt without becoming 
established. In some cases variations were introduced which appar- 
ently resulted in a rise in time. The determination of the cause of a 
single drop in the curve is not a simple matter, and there is, very 
likely, a considerable range of error in the detenniiiations, and the 
percentages given should not be taken os exact, but as standing for 
an area rather than a point. 

Number of practise curves 

Total number of drops .... - 

Number of conscious variations eolpcideol with drops 

Percental of drops due to con cious variations 70 

In certain cases only the objective record was kept. Variations 
in method were noted, and, if the subject brightened up at a cert^ 
point, moved directly and precisely, and maintained the variation 
after that time, the variation was marked, “objectively pnrposefnl.’’ 
Such cases are not included in the percentage given above. If they 
are added, and the operator feels confident of the interpretation of 
the objective signs, as borne ont by the cases where the subjects’ 
records were also available, the percentage would be increased to 78. 

2 6 per cent, of the drops were credited to variations in method 
for which there was neither objective nor snbjMtive record indi- 
cating that the variation was the object of attention on the part of 
the subject. 5.5 per cent, were put down as due to increased attea- 
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tion during the last ten trials of the series of fifty, the final spurt. 
3.6 per cent, were attributed to a uniformity of method, the absence 
of disturbing variations or oscillations between several different 
methods which sometimes occurred. The rest of the drops wer'e put 
down as unaccounted for. These last amounted to 12.5 per cent, of 
the total number. If they were all counted as cases of drops due to 
accidental variations, the per cent, for unconscious variations would 
be 12.5 plus 2.6, or 15.1. There was no evidence that they were due 
to this cause, and the supposition is made simply to try to get some 
statement in terms of limits. The extremes in comparability of per 
cents, would thus be : 


A .percent. B Percent. 

Conscious variations 78 Unconscious variations 15.1 

Unconscious variations 2.6 Conscious variations 70 

The analyses of the variations differed in the ways described in 
Chapter II., in time of occurrence in relation to course of the varia- 
tion, in explicitness, completeness, causal, local or merely mnemonic 
character, etc. These various forms of analysis are of very different 
value, but they all agree in that the general nature of the process 
involved is that of setting up an hypothesis and more or less critically 
testing it. 


2. "Curves” Illustbatino Siqnd-icance op Conscious 
Variations 

(1) The first illustration consists of the records of the first fifteen 
trials of the subjects fid and Tz with the Star and Crescent puzzle. 


Ri n 

132.0 1,476 0 

590 6 241.0 

1,775.5 44 2 

278 4 33.8 

750 0 32.7 


TABLE VI 
JM Tt 

e 63 6 250 

7 109 6 50 0 

8 43 2 28.0 

9 70 0 37.6 

10 28.6 24 6 


Rd T, 

11 42.0 31.4 

12 14.8 22.4 

13 28 0 66 6 

14 8.0 35.4 

15 14.6 29.0 


In the case of fid it will be noticed that instead of a drop after 
trial 1, there is a rise, and that the times remain higher until trial 6. 
The first success came in such a way as to render discrimination 
difficult. There are two stars, but only one can come off. They 
were closely associated by chance in the first success. In trial 3 sub- 
ject realized that the stars must be kept apart, but did not work out 
a technique for it till the latter part of trial 5. The very fact that 
she had difficulty after succeeding easily in trial 1, made her nervous 
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n'R At 

1 307.0 180 0 

2 38 4 87.0 

3 01.0 (W.O 

4 40 0 287.0 

5 30 4 201.0 

G 20 4 112 0 

‘One hour later. 


TABLE VII 
Kt At 

7 82.4 213 4 

8 34 2 430.C' 

0 45 0 207.4 

10 4S.0 234 C 

11 21.0 2320 

12 0 0 104 0 


nt At 

13 3.6 720 0 

14 3.2 127.0 

15 2.0 7.0 

1C .2.6 16.0 

17 2.8 16.0 

18 1.2 17.0 


important rule conceminf* (lotnila of manipulation was worked out. 
There is a second sharp break in the curve at this point. 

Kk failed on the thirteenth trial after spendinsr a longer time 
than on any previous one. He was then asked to look at the puzzle. 
The remaining trials are with vision. The lack of vision proved a 
more serious hindrance for Kk than for IVVi. The latter was able to 
analyze in terms of tactual motor experience. The former analyzed 
the movement only after he was permitted to use his eyes. The latter 
c.ase shows that mere repetition of the success was not sufficient for 
formation of habit. 

(3) The following six records from the Ileort and Bow puzzle 
show the results of conscious variations at different points on the 
curves and the marked contrast beUveen different series as to the 
quickne-ss and thoroughness of anab-sis. 

The “curves” in the accompanying table (Heart and Bow) will 
be treated individually in the order right to left. 

Fe. The drop from trial 1 to trial 2 was due to a locus analysis. 
There U little improvement till trial 5. To quote from the subject’s 
record for trial 3s “I did not get it with a purpose. Have a general 
notion of where to work; was trying to make a mental picture of how 
the rod should be when you took it away." At the end of trial 4 the 
subject noticed the position carefully os the puzzle came apart again 
by accident. “I got a good mental picture that time. Now’ I know 
it.” There is a sharp break in the curve at this point and it does 
not rise again to the previous level. In the seventh trial the essen- 
tial process was verbally described. The later variability was con- 
nected with the process of orienting the puzzle, the subject shifting 
from one method to another. 

Mt. The first successes were due to chance and the slow drop in 
time in trials 1-3 was “locus” analysis. Trial 1 : “I hove no idea in 
the world how I did it. I remember moving the loop of the heart 
about the end of the bar, and the two pieces suddenly came apart. 
I think that I can do it sooner next time, not because I know just 
how to do it, but I remember the parts of the puzzle which I brought 
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together in the first success.** Trial 2: “ . . . 

do not ret know what 

movements to make.** 

Trial 3: “ 

Success was still largely chance: 

did not anticipate except that I knew there was a certain part of the 




TABLE 

VIII 






Iteatr aim Bov Puzzle 




n 

n 


ys 

Jrt 

ft 

1 

672 0 

325.0 

6203 0 

851.0 

331.0 

1323L0* 

2 

212.4 

122 

2C00 

J7.3 

256.4 

351.0 

S 

16.4 

8.4 

196.0 

60.0 

155.0 

437.4 

4 

20.8 

so 

214.0 

160 

27.0 

261.8 

6 

14.4 

14.4 

3312 

3U 

332 

40 0 

6 

8.2 

0.8 

143.0 

192 

60.0 

650 

T 

68 

72 

61.0 

112 

49.6 

150 

8 

6.6 

62 

24 0 

20.2 

£8.0 

30.6 

9 

4.0 

4.8 

66.0 

13.0 

13 6 

18.6 

10 

36 

10 8 

680 

104 

13.7. 

102 

11 

6.0 

6.0 

21.0 

13.4 

60 

62 

12 

4Jt 

6.6 

400 

12.0 

92 

12.8 

13 

3.6 

42 

12.0 

7.0 

8.0 

6.7 

14 

4.0 

8.0 

130 

9.0 

6.0 

10.6 

18 

34 

4.6 

13.0 

72 

36 

6.0 

10 

S8 0 

6.9 

101.0 

7.8 

48 

7.0 • 

17 

3.6 

6.9 

118.0 

7.6 

3.6 

10.0 

18 

2.8 

6.8 

19.0 

10 0 

4.4 

72 

19 

2.2 

4.7 

32.0 

7.0 

32 

8.7 

20 

2.4 

4.1 

C2.0 

6.4 

4.6 

62 

21 

2.3 

32 

I89J> 

32 

42 

7.0 

22 

2.0 

3.5 

244 0* 

3.6 

T.7 

6.0 

23 

2.0 

4.1 

152.6 

6.1 

32 

7.0 

24 

1.8 

6.8 

19.4 

5.1 

4.7 

7.0 

25 

30 

42 

128.0 

4.1 

02 

7.4 

28 

2.4 

3.6 

172.0 

42 



27 

2.9 

42 

9.0 

4.8 



23 

6.5 

62 

18 4 

r.o 



29 

4.6 

3.7 

60 

7.0 



30 

2.4 

3.8 

7.6 

60 



31 

2.6 

4.3 

9.4 

7.0 



32 

3J) 

3.6 

13.0 

13 0 



33 

2.1 

2.7 

86 

4.0 



34 

2.8 

6.1 

6.0 

4.0 



35 

22 

3.9 

82 

100 



36 

8.6 

46 

10.4 

6.1 



37 

24 

22 

62 

6.0 



38 

3.5 

2.7 

4.4 

9.8 



39 

5.0 

3.8 

100 

42 



40 

2.6 

3.6 

5.4 

4.0 




*Two dATS lat«r. 







•Three d*y* (trial 1 completed oa third day and alao the rest of the eeriesl. 



PLATE III 



Heart as» Bow— Puzele Xo 4 


lor A. iiiuiVest «Jj»rsion=SO“, «ea/e /or It and V smnlJpst division 
= 2". turn-* foi tri.il 1 /or 0 miUjrcts, It, entire curve for J/i— 25 trials- 
C, nK-ilIaiis for siiiccssnu yjovijw ol 5 . ' 
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n 

41 2.3 

42 2.0 

43 1.8 

44 3.1 

45 2.0 

46 2.8 

47 3.0 

48 1.7 

49 1.0 

50 1.8 


TABLE Yin— ConfinufJ 

7tl Jtjf Jtd 

2.8 4 2 S.3 

2.6 6.2 2.8 

3.8 5.2 3.2 

2 5 4.6 3.2 

3.6 10.0 4.6 

3.1 6.0 3.2 

2.3 5.0 3.2 

4.6 3.8 S.2 

2.8 3.4 S.0 

2.3 3.8 2 6 


puzzle to ^rork at.” Subject noticed, however, the way in which 
the puzzle came apart and was able to describe it. “Hold the heart 
in the right hand and the bow in the left. Jfove the loop of the 
heart through the end of the bow. Can't describe the other move- 
mentsj’ the rest is chance. Think I will get it next time.” The es- 
sential movement was caught here, and the curve breaks abruptly to a 
lower level at this point. Details of technique were worked out in 
trials 11 and 13. Trial 11 : “It is easier to run the loop of the heart 
under the end of the bar. Had done this before but just realized its 
importance." Trial 13: “Noticed that when the bow is in a vertical 
position the bar on the upper side should he in a horizontal position. 
Pass the loop underneath, and with a sort of twist pass the end of 
the bar through the loop of the heart.” Trial 14: “Went through 
as anticipated. Feel that I understand solving the puzzle.” 

^d. Trial 1: The subject tried various things in trial 1 which 
did not reappear in the later trials. There was finally a locus analy- 
sis which in this case was anticipatory and resulted in success. 
“Then a conspicuous part of one section caught the eye, and from 
that time it seemed certain that it must have something to do with 
the solution. . . . The final solution had some element of chance, I do 
not know just how I did it.” Trial 4; “The way out seemed more 
familiar. I could foresee the result of the movement ” There is a 
rather decided drop in the curve at trial 12. Rd had been xasing a 
very roundabout method of orientation, but in this trial she struck 
upon a shortcut which she consciously adopted. “It is not necessary 
to slip the bow over the indentation. Hold the puzzle so that the 
square ends of the bow and bar are above the indentation. Pull the 
loop of the bar down. Then pu^ the end of the bow up.” Trial 
39; “Took the heart with the left hand and seized the how with the 
right at once.” This variation in method was a short cut on an 
earlier method of orientation. The drops in the curve are closely 
associated with the explicit analyses mentioned. 
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Ily. After trial 1 the ra(n*emcat^ were limited to the neighbor- 
hood of the ends of the bow and bar, %. e., the general locns of attack 
waa defined althowgb there -were persMtont errors within that locaa. 
lu trial 1 the movements at other parts of the pnzzle were connected 
with the idea of (a) Retting loop end and part of heart inside the 
how, and (b) pushing the how Inside the loop of the heart. The suc- 
cess of trial 1 served, although aecidental, to eliminate the move- 
ments connected with those views, but the errors about the new. 
locns persisted long. In trials 2 and 3 the puale came apart without 
the subject’s noticing it. In trial 4 the heart was all ready to with- 
draw for ten seconds before he withdrew it. In trial 5 the correct 
position was not utilized until its fifth appearance. In trial 7 the 
subject said, “I think I have it now.'* There was apparently here 
a rough analj’sis of the main feolur<» of solution and there is a de- 
cided drop in the curve at this point. This nnal>*sis, however, did 
not include the ueccssarj* discrimination of the correct method of 
attack from a very similar but incomet one. This incorrect iwd- 
lion was chanced upon in trial 16 as the subject was trj'ing to hurry. 
He became “rattled” and all his old errors connected with the gen- 
eral locus ot attack reappeared. These persisted in the immediately 
subsequent trials and high and irregularly fluctuating records result. 
The interval of two days between trials 21 and 22 comes 6 trials 
later than the beginning of this period and so con not be held re- 
sponsible for the loss of speed, though it may bare contributed to 
that result. 

The period of juental confusion as to the main line of solution 
cleared up in trial 26. The subject showed, toward the end of this 
trial, signs of increasing alertness. He made the taking-off move- 
ment with decision; numerous similar opportunities in the same 
trial had been passed by. One error which appeared sir limes in this 
trial did not appear again in the series. He mentioned, however, at 
this point that he did not yet understand the error which precipi- 
tated the catastrophe in trial 16. This error was avoided daring 
the later part of the series, but the reason for the error did not be- 
come clear to the subject until after the close of the series, when he 
was given the puzzle to examine for that purpose. 

The errors, in the case of this subject dropped out in the inverse 
order of their difficulty of discrimination from the essential move- 
ment, the false movements most like the correct movement dropping 
out last Pushing the body of the heart instead of the reentrant loop 
dropped out first, trial 4. The further errors are all concerned with 
the pushing of the loop. Pushing the loop through the bar instead 
of the bow dropped out in trial 7. This is the easiest discrimination 
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as to the use of the loop. Pushing the loop through the bow end from 
the wrong side disappeared in trial 9. It was explicitly recognized 
as an error. Getting the loop crosswise of the bar after inserting 
it in the how disappeared in trial 24; while putting the loop through 
the bar end after having put it properly through the bow end re- 
mained until trial 27, The last-mentioned error hung on, after it 
was recognized to be an error, as a result of the disaster in trial 16. 
The correct method seems to have been worked out to a sufficient 
degree to serve as a guide in the later trials although the error in 
question was not understood. This case illustrates how slow and 
gradual tlie development of discrimination ma}'- he. 

To. The first success for Ta was purely accidental. He gained, 
however, a vivid picture of the final position as the puzzle came apart, 
and oh the basis of this image the analysis of the essential movement 
took place at once. The subject attacked the puzzle in trial 3 with 
complete certainty as to the essential movement, and in trial 7 he 
was able to anticipate the details of manipulation. No important 
variations were introduced later in the curve. There is evidence of 
a final spurt. The curve of Ta may be contrasted with that of 3It 

to the initial drop since the first success was in each case acci> 
dental and the times for the first success were approximately the 
same. The time for trial 2 for To is, however, only one twentieth 
that of Mt. As contrasted with the gradual dropping out of errors 
in the case of Ry there is complete disappearance of errors in the 
case of Ta after trial 1. 

Ts. Trial 1: “ ... The puzzle was finally studied and as many 
possible combinations as occurred were followed either mentally or 
by actual doing, but the final solution was largely by accident as I 
did not expect that that trial would be successful.*' The long time 
of trial 2 is due to the fact that the subject made an explicit memory 
error as to the direction of the movement. This error was definitely 
recognized in trial 2 and did not reappear. “My recollection that I 
inserted the loop in the reverse direction in trial 1 was probably 
wrong as in trial 2 I was unsuccessful until I inserted it in a contrary 
direction, which makes me think that I must have inserted it in that 
direction for the first time, also the situation seemed familiar when 
success came." 

In trials 3, 4 and 5, the attention of the subject was directed to 
the question whether any other mode of solution was possible. He 
convinced himself that there was none, and, beginning with trial 6 
his attention shifted to the gaining of facility in manipulation. Im- 
portant variations in method were consciously worked out in trials 
8, 9, and 13, and there is a rapid and uniform decrease in times to a 
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very low limit in trial 24. Trial 6: "Tried a new way. . . . Tiongbt 
that manipulation might be easier to take hold of the straight rod, as 
that is the one to be turned to release the ring. Uowever, I ex- 
perienced trouble with the bow." Trial 9: "Taking the bow in the 
left hand and manipulating the bar with the fore and middle fingera » 
while removing the heart with the right hand-hold before the fore and 
middle lingers gives best results so far." Trial 13: “I think that a 
firmer hold of the bow would help the manipulation of the bar." The 
long time of trial 1C was the result of an accident- The subject made 
a quick move and barely missed getting the puzzle apart. He was 
greatly surprised to find it still together and became embarrassed and 
perplexed. He pulled himself together, however, and then solved as 
before. It is interesting to note that the disasters of Sy and Ts came 
on the same trial, number 10; that In tbe case of the latter recoveiy 
was immediate and complete, while in the former there was a pro- 
longed relapse, and Ih&t there bad been explicit analysis of method 
of manipulation in the case of Tz, bot not in that of Ry. 

In trial 25, Tz deliberately abandoned one of tbe methods of con- 
trol worked out in trials 8 and $, and adopted a less secure method 
which seemed to promise greater speed. The curve rises after this 
and the results arc more irregular until the very end. This unfor- 
tunate change of method was suggested by a chance variation in 
trial 25. 

It may be of interest in this connection that Tc was the oldest of 
tbe subjects concerned, and that be had hsd no special training in 
motor lines, that he considered himself to be clumsy, and yet that he 
made the lowest and best record with this puzzle, and that this 
greater success in manipulation was correlated with many effective 
variations of method and explicit conscionsness in their employment 

(4) The accompanying table for the Triple Horseshoe puzzle in- 
cludes six curves from subjects under normal conditions, marked 
Bg, Co, 31c, SI, Tz and Br; one carve from a subject who worked 
with his hands behind his back and without seeing the puzzle, Wh; 
and two curves from subjects working under distraction, Tr and Bs. 

The distraction consisted in counting to two hundred by adding 
digits which constantly varied within the limits 2 to 9, of then re- 
versing the process until, as a result of continued subtraction, nega- 
tive 200 was reached, then of reversing again and passing through 
zero to plus 200, etc. The subjects counted aloud and were required 
to do all the work mentally. Since the digits ran up from 2 to 9 
and down again, changing each time, and since there were changes 
at the limits also to be borne in mind, the task proved to be an ex- 





PLACE 

OF . 

AKALY8IS IN PRACTISE CURVE 

69 

acting one. 

An additional subject, Ds, working with distraction, 

fsdlcd to solve the puzzle although 2,700 seconds 'were spent upon it. 





TABLE IX 








Tns TBirtz Hossesnoe 





Q> 

iTe 

s 

Ib 

Bt JTA* 



1 

325.0 

194.0 

604.4 

967.6 

623.4 

16S.6 42S.6 

237.0 

1,285 0 

2 

63.0 

60.0 

28.8 

102.0 

34.0 

85.0 1,177.0 

1,047.0 

2S5 0 

3 

26.4 

8.0 

0.4 

10.8 

13.0 

€0.4 222.4 

160.0 

453.0 

4 

64.6 

12.0 

6.4 

6.4 

69.0 

69.4 14.4 

325.0 

436.0 

6 

18.0 

24.4 

18.4 

60.4 

30.0 

86 0 96.2 

261.0 


e 

12.0 

10.0 

10.6 

9.0 

260 

64.0 

448 0 


7 

11.0 

4.0 

22.0 

13.0 

33.0 

34.2 

69 0* 


a 

6.0 

22.0 

lO.C 

76.4 

108.6 

2S.6 

22.0 


0 

4.4 

6.0 

14.4 

93.0 

61.0 

31.0 

23.0 


10 

35.0 

24 0 

6.0 

14 0 

18.0 

24.6 

42.0 


11 

12.0 

6.0 

42 

S6.6 

10.4 


S3.0* 


12 

8.6 

2.0 

6.6 

0.2 

10.0 


7.0 


13 

7.4 

43.0 

12.8 

80 

10.6 


6.0 


14 

3.4 

34.0 

60 

12.0 

9I.T 


4.0 


IQ 

7.4 

0.0 

14.0 

4.4 

23.6 


17.0 


16 

6.6 

0.0 

6.4 

12.4 

60.8 


17.0 


17 

11.4 

6.4 

6.4 

37.8 

40.0 




IS 

7.4 

8.0 

8.8 

16.2 

33.4 




19 

6.0 

16.0 

13 6 

3.8 

9.8 




SO 

6.8 

13.8 

6.6 

12.4 

21.0 




SI 

4.6 

61.0 

6.4 

4.2 

26 0 




22 

4.6 

2.0 

16.6 

7.0 

19.6 




23 

3.6 

160 

4.2 

3.6 

6.6 




24 

2.8 

8.6 

44 

22.2 

7.6 




25 

14.4 

2.0 

6.0 

6.8 

21.0 




26 

16.0 

13.0 

3.8 

6.6 





27 

9.8 

7.0 

19.0 

10.8 





28 

3.4 

3.6 

9.0 

6.0 





29 

13.0 

40 

3.4 

4.0 





30 

15.0 

3.0 

13.0 

6.4 





31 

2.6 

6.0 

11.0 

6.0 





32 

13.0 

14.0 

4.4 

2.6 





33 

6.2 

7.0 

3.8 

3.2 





34 

7.0 

7.0 

10.8 

214 





35 

6.0 

21.0 

4.0 

4i> 





36 

17n 

21.0 

4.4 

48 





37 

G.4 

15.0 

46 

4S 





33 

50 

6.0 

3.2 

3X> 





80 

50 

4.4 

4.2 

lOA 





40 

3.4 

3.8 

8.6 

2SS 






* H&ndft beUnd back, Tisioa excluded, bub uo diatnctlon 




* Dhtraction by counting. 






•Following day. 
*Ko distraction. 









GO 


TIIV PfSYcnOtAiaY OF FFFiaiESCT 


TAtSLE IX—Continutd 
fg Cb Me a 

41 2.4 2.0 r.« 3 0 

42 SO 3.0 4.2 2.6 

43 4.6 6.0 4.0 3.0 

44 2 2 7.4 3.4 4.2 

45 70 80 40 3i> 

40 3.4 3.8 8.2 4.2 

47 12.0 Il.O 7.6 3i» 

43 2 0 7.6 4.8 5.0 

40 8 0 3.4 tO.O 20 0 

60 4.2 22 4.8 100 

The puzzle i8 o vci^' dintcult one lo control, snd none o£ the 
sulijceta hit upon the precise twist required to girc both ipeed and 
stability. This neeouuts for the unusual Tariability in the last part 
of the curves of the normal snbjecLs. 

Despite his handicap ^Yh managed to analyze out an important 
step in the process in trial 2, and lo add to it in trial 4. He did not 
succeed, however, in mentally eonstmcUog the transformation so 
that he felt that he understood the puzzle geometrically. 

Tlie distraction in the ea.se of Its was very complete, and there 
was no further drop after trial 2. The result was similar in his case 
with the Twisted Nail puzzle where the scries was much longer, 21 
trials, 

Tr’s attention slipped in trial 6, as be felt success coming, from 
the counting to the puzzle and be analyzed (he essential movement 
during that slip. There is a sharp break here lo a lower level. Dis- 
traction was discontinued in (be clcTenlb trial and there is another 
drop in level at this point. The experiments with distraction were 
performed to determine if repeated success plus the emotional ac- 
companiment would stamp in the habit if attention were left out 
So far ns it goes the evidence Is negative. 

(5) See Table X and Plate IV. 

The corves A and JJ are similar in that the solotions were in each 
case the result of a thoroughgoing anticipatory anal^^is resulting in 
a sudden sharp drop to a very low leveL The curves are also similar 
in the uniformity attained in manipulation times. The physical 
conditions of the puzzles were more favorable for accurate manipu- 
lation than in the case of most of the puzzles. 

Puzzle A was solved by systematic exhaustion of possibilities by 
means of successive dilemmas. 1,29© different combinations were 
possible and solution by any other method appears highly improb- 
able. The drop in trials 3-5 was connected witt the conscious adop- 
tion of ahortcuts and the substitution of memory cues for fresh 
BTiaiTFcao TTio AmT» ef trfftl 12 sras connected with the conscious 
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TABLE 

X 





SrX 

HTkB 

iJrC 

ArD 



IT* D jrAJE 

A-E 

1 

13,600 0 

2.000.0 18,000.0 

1.037 

75* 

35 

6,320 — 

647 

2 

1,205 0 

350.0 

178.0 

SOS 

40 

20 

240 G2 

71 

S 

2SOO 

39.0 

152 0 

340 

80 

29 

185 27 

00 

4 

60 0 

20 0 

134.0 

185 

47 

22 

215 25 

40 

6 

30.0 

20.0 

118.0 

333 

01 

24 

209 21 

106 

e 

33.0 

21.0 

73.0 

162 

75 

23 

120 22 

49 

7 

25.0 

20.0 

72 0 

165 

68 

30 

05 22 

lOS 

8 

20 0 

18.0 

67.0 

09 

104 

28 

78 18 

255 

0 

18.0 

18.0 

C6.0 

103 

09* 

23 

22 

37 

10 

CO.O 

17.0 

41.0 

60 

67 

30 

21 

22 

11 

21A 

10.0 

CO.O 

100* 

07 

24 

18 

22 

12 

22.0 

17.0 

77.0* 

81 

C9 

23 

24 

40 

13 

10.0 

10.0 

14S.0 

04 

66 

25 

20 

22 

14 

18 0 

16.0 

80.0 

70 

69 

24 

16 

18 

15 

31A 

12.0 

1140 

76 

07 

20 

10 

15 

16 

20.0 

13.0 

97.0 

69 

60 

21 

16 

13 

17 

15.0 

IS.O 

77.0 

127 

49 

22 

18 

15 

16 

10 6 

18 0 

04.0 

09 

62 

20 

16 

16 

19 

17.5 

13.0 

112.0 

68 

47 

23 

17 

15 

20 

les 

13.0 

63.0 

64 

49 

20 

19 

14 

21 

21.0 

21.0 

60.0 

60 

61 

20 

16* 

14 

22 

18.5 

17.0 

85.0 

65 

45 

24 

IS 

13 

23 

lOA 

25.0 

05.0 

65 

78 

20 

15 

13 

24 

17A 

17.0 

60 0 

74 

41 

24 

16 

13 

£5 

17.0 

18.0 

87.0 

65 

40 

22 

17 

11 

26 

13.5 

13.0 

105.0 

65 

47 

20 



27 

13 0 

36 0 

70.0 

62 

36 

18 



29 

12.0 

19.0 

66 0 

48 

32 

24 



29 

12.0 

lO.O 

02B 

57 

29 

28 



30 

12.5 

16.0 

54.0 

48 

68 

30 



31 

lOA 

14.0 

39.0 

68 

36 

25 



32 

lOJ 

17.0 

63.0 

68 

27 

19 



33 

12.0 

14.0 

146.0 

43 

28 

17 



34 

31.0 

13.0 

95 0 

46 

34 

IT 



35 

14.0 

15.0 

67.0 

48 

25 

18 



36 

0.6 


45.0 

68 

27 

35 



37 

14.6 


102.0 

61 

35 

21 



38 

15.0 


60 0 

60 

37 

21 



39 

12 0 


65.0 

09* 

30 

21 



40 

12.5 


69 0 

67 

22 

20 



A, 

Kfttzwijanuner Puzzle. 



C, trial 12*,= 

3 days later. 


B, 

Jig saw, iTory, Square. 



D, trial 

11 ,= 

10 hours later. 


c, 

Wizard Cross. 



D, tnal 

30 ,= 

1 hour later. 


D. 

12-piece Crose. 



B. trial 51 ,= 

5 hours later. 


E. 

Xone Star War. 



D, trial 69 ,=: 

3 hours later. 







D, trial 

07 

12 hours later. 
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Sr A 



41 

12.0 


60 

23 29 

42 

12.5 

63.0 

43 

23 10 

43 

12.0 

61.0 

71 

22 

41 

11.6 

60.0 

60 

22 

4S 

llA 

47.0 

60 

21 

40 

12.0 

65 0 

<1 

24 

47 

lU 

63.0 

40 

60* 

48 

12.0 

41.0 

75 

30 

40 

10.6 

41.0 

02 

32 

60 

10.5 

40 0 

51 

30 

SI 


36 0 



62 


4S.0 



53 


36.0 



64 


33.0 



65 


150.0 




S6 sa.o 

substitation of a new order, an order of conTcmence in place of the 
order of discorery. The substitution was the result of a perceptnal 
impulse which was immediately approved in jadgment. The inertia 
of the mentally established made itself felt howerer in a dread of 
change as sucIl But the change was made and it proved to be of 
value. 

The drop at trial 25 was connected with a consciously adopted 
variation. “Used the heart-diamond-club as check with the green.” 
The drop in trial 38ir. was connected with the adoption of the verbal 
cue “spade-two diamonds’* before trying the purple, and with “a 
negative recognition of the orange.” 

No instructions were given to TTA 03 to the sort of figure to be 
constructed from the ivory pieces of pozde B. The cross seemed 
probable and in testing that hypothesis the square was suggested. 
This was then chosen as the hypothesis because It could be exhaust- 
ively tested. The square on the hypothennse side of a large rec- 
tangle was selected after a table of the squares on each of the sides 
had been compared with the approximate total area of all the pieces. 
The square was then constructed. Quotation from TTA’s account for 
trial 2 will show the ready supplanting of analysis by memory, and 
the volitional character, the stubbornness, of the memory assumption. 

“I put the two large triangles together at once and remembered 
which pieces went together to form the third side, but got these two 
in the mroag order, and fussed around with all sorts of combinations 
without thinking of changing the order of these two pieces. I think 
the reason I got the wrong order was that in the first roond when I 
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noticed that these two pieces would make up a side, I began with the 
triangle and looked for something to make up the proper length, and 
found the parallelogram auitable. So, I had the order: triangle — 
parallelogram in mind; but tbia was the order of discovery, not the 
order of arrangement on the square. ^Vhat finally deflected me from 
this false order was partly the inability to get the other pieces to- 
gether, and partly, perhaps, a recoHection of the fact that had im- 
pressed me when I looked at the completed square after my first 
success, namely, that there was a triangle in one corner. This came 
back to me once or twice, I think, while I was working over the 
pieces, and I believe it came up just before I altered the order of the 
pieces.” 

Trial 3 : "Got the pieces which troubled me last time correct with- 
out hesitation. The rest of the lime was principally occupied in 
getting the positions exact enough to give a good square.” 

Trial 4: “Knowledge of the exact positions of the last three 
pieces to be inserted saved come little time.” 

Trial 8; “Time saved by getting the pieces near together and 
squeezing them at the close.” 

Trial 10: "Carried a little further the device mentioned in 8,” 

(In trial 20 the subject changed the position of the first pieces 
and this was followed by more irregular and longer times.) 

C, The TVizard Cross is composed of six sqnare-cut wooden bars 
notched in the centers so as (o interlock and form a tridimensional 
cross. There are a great many ootch^ in each bar and the number 
of possible combinations is very large. The actual solution by Rr 
seemed to have involved three principal factors: (1) Practise in the 
discrimination of the parts, (2) selection of combinations in accord- 
ance with the requirements of the complete cross (as mentally pic- 
tured), (3) an attempt to exhaust the possibilities thus limited by 
beginning with each different type of piece — there were two pairs 
and two odd pieces—and working the limited combinations system- 
atically. The solution came during this systematic search. The 
chief points in the practise with tbia puzzle were concemed with the 
perfecting of the discrimination of the different bars with antici- 
patory adjustment, and the simultaneous use of all the fingers. The 
notches were different on the different faces of the same bar, and it 
took considerable practise to hold the distinctions in mind so that a 
given bar could be recognized from any face. This was not perfectly 
accomplished during the series. There was considerable growth in 
anticipatory adjustment, but there was no such final unity as with 
the Chinese Eing. This difficulty was both simultaneous and suc- 
cessive. The pieces did not lode well until the last was in, and the 



G4 


TflC FRYCttOLOar OF r.FFIClFKCi’ 


task of Ijoldintr three or four or flee pieces from slippinp while in- 
sertinp another and preparing for the next atep was not an ea.sy one. 
There were numerous slips even to the end. The puzzle, then, is 
much more difllcult of manipulation than or B, and, althouRh 
many control s*ar{ations were followed up, a thoroughly satisfactory 
one had not been hit upon by the close of the scries. 

D. The Twelve Piece Cross was similar to the PTizard but the 
notches were simpler. There were, howcs’cr, twice a.s many parts. 
7»r solved the puzzle 142 times end the table shows that the time of 
manipulation was veo’ much reduced and that the puzzle was grotten 
nnder pood control. This wm to spite of the fact that the puzzle was 
BO complex in manipulation that no sooner would one point of manip- 
tdation seem fairly well settled than a new difficulty would break 
out rpquirinp readjustment all around or awitchinp the attention 
oft the method previously concented. Contrary to the usual custom 
the anab'BJS was not restricted here to the anap-abot tj-pe, but ten 
minutes was taken at trial 81 to work out a new tcchniqoe. There 
is a decided drop in the curve in this locality and a prrat decrease 
in rariability. 

The significance of eousciously employed variations is illustrated 
again by the drop in Wh'i curve in trial 7. To quote— Trial 6: 
“There is some difficulty in getting one of the pieces.** Trial 6: 
“Trouble at the same point as before. . . . The difficulty can be 
avoided by raising one of the pieces and so easing the whole joint'* 
Trial 7s “Time mostly saved by the device mentioned in the last 
entry." 

E. TTA tried to get the puzzle, the Lone Star "War, at first by 
random manipulation, but failing there he resorted to analysis. He 
employed a method which he transferred from mathematics and 
often attempted to use with the puzzles, namely, to consider the 
puzzle solved and then to retrace the steps. The method was euc- 
cessful here. The method was made more explicit and unified by an 
additional bit of analysis in trial 2. ITA then turned his attention to 
the problem of telescoping. “The overUpping is helped, perhaps, by 
using the hands not absolutely Bimultaneously on symmetrical 
■wholes, but alternately, thus getting ready for the next pair while 
inserting the second of the preceding pair." 

TTA tried on his own initiative the experiment of putting the 
flags in the holes in any order instead of the fixed order required to 
solve the puzzle. The last five records are of this attempt, and their 
average is 16.2 as against 16.0 of the five in the fixed order just 
preceding. The prescribed order is as easy or easier than the 
random. 



J ANO B, Stab axd CBesce-tt Pczzu:, 2so. 11 
averages of tens. Scale: amallest dirision = O.S''. B, analysis at r. 

C, KATZETtJAUMEB FV'ZZLE, Ko. 35 

Hr subject. Scale: trials 1-11 anallest i^tision = 160"; scale: trials 11- 
50 smallest division ^0.4", 
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lir solved the puzzle by chance manipulation the first time. He 
then tried to rely on memory, but in trial 8 be gave up this unsatis- 
factory method for one of anal3rsi5. The analysis ivas not however of 
so deductive a type aa TTA’s. Trial 8s “Took time to work out a 
scheme: Place one of the flags opposite Havana at Malanzar, four 
neit to Havana, then tlie two points, and then the two angles. This 
scheme was recognized geometrically — names not noticed, order of 
the four not yet memorized.” Trial 13: “The order is: four comers, 
then center.” The four had been giving trouble in trials 9-12. 
Trial 14: “Correct: memory and perception; conscious telescoping.” 

(6) The accompanj-ing diagram gives the curve for Rr for 1,440 
solutions of the Star and Crescent puzzle. 



COPTER VI 


Traksfee 

1. BssntTS IN Detail 

(1) W?i and He were sabjects io a series of experiments with the 
Jiu Jitsu puzzle, all but one of the experiments bein^ tried with TTA 
only. This is a small pnzzle consisting of two symmetrical parts 
which are to be separated. Each of the parts resembles a gmall 
staple, the arms of which have been bent back at their middles ISO 
degrees, the points of the arms being brougbt so close together that 
the points of one of the staples if held at an angle of 90 degrees 
wonld barely pass throngh those of the other. If this has been done 
and the staples pnshed clear in so that they touch at the necks, then 
the puzzle is in the usual position for eolntion, which consists in the 
reverse process of removing the parts. If one o! the staples be held 
in a constant position, the other may be pushed on it from either the 
right or the left. The initial movements in taking oS are diSerent 
for these two cases, but the discrimination is not an easy one to make. 
For each of the right and left methods of insertion two positions of 
the pnzrie were chosen. These portions were such as would result 
if the puzzle were held vertically and freely. They differed merely 
in that one was obtained from the other by rotating the pnzzle 180 
degrees. There were thus four principal positions. These were: A, 
right insertion, zero degrees; B, right insertion, 180 degrees; C, left 
insertion, zero degrees; D, left insertion, 180 degrees. The positions 
are referred to in the following discussion by the letters A, B and 
C, D, just given. The positions of a pven pair, A and B, or C and D 
are more closely related than positions from separate pairs. 

(«) There was decided transfer between the processes of taking 
the pnzzle apart and patting it together. The subject practised 400 
times taking it apart without being allowed to put it together or to 
see it put together. He was then given five trials at putting it to- 
gether. The average time in seconds for the first five trials in faking 
the puzzle apart was 46, while in putting it together it was only 4.6, 
one tenth of the former; the longest record of the latter series was 7 
seconds and the average deviation was 0.9. The transfer here was 
evidently one of method or idea, as the motor habits buHt np in the 
C6 
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former, analj*tic, series would be the reverse of the ones in the latter, 
the synthetic. 

(h) There was transfer from the C position to the D. This does 
not appear strikingly if only the first trial of each series be com- 
pared, but it comes out clearly if the immediately following ones are 
examined. The first trial for C toot 18.4 seconds, of D 9.6 seconds, 
but the average of the immediately succeeding five trials is 17 seconds 
for C and only 1.9 for D. Since the times for the second ten trials 
with C average 1.8 and with D l.G, the drop in times of D can not be 
attributed to greater ease of manipulation. The subject’s record for 
trial 143, No. 1 of D: "Found that by turning the thing a quarter 
toward me, it would be in the position of the last few trials. Turned 
it and used motor habit number 2." The transfer here, then, 
depended on the analysis which enabled the subject to employ his 
motor habits. 

(c) The subject was given a special practise series, wtb the A 
position, of 40 trials, the overage of the first five being 7.3 and of the 
last five, 1.4. He also practised with eyes closed and hands placed 
in position, the average for the last five trials being 0.36 second. The 
subject was next given 90 trials with the three other positions, and 
was then told that be would be tried again with the A position. The 
average of these fire trials was 15.8 seconds, twice as long as that of 
the first five of the special A series and eleven times as long as that 
of the last five of that series. The interference here seems to have 
been that of the C and D positions just practised, and to have been 
due to a failure to control the habits by a carefully discriminated 
idea of the relations of the different positions. This is home out by 
the subject’s record. During the fifth trial of this A test series, 
triall67 in the table, he made the following analysis: “I was wrong. 
The right hand does not take the easiest hold, but the thumb is 
under ... in positions A and B gra.sping the side more towards me 
or more anticlockwise, if the left band is imagined to be farther 
away. In positions C and D the reverse must he the case . . . (trial 
168). My scheme worked all right." Five more A’s were then 
given. The following times are for the fives before and after the 
analysis; the second five begins with trial 169: trials 163—7, 25, 23, 
13, 7, and 11 seconds ; trials 168-172, 1.6, 1.4, 2.0, 2 6, and 1.4 seconds. 
This sudden change is evidently not in motor habits but in their 
control by an idea. The motor habit for A must have been carried 
nearly to perfection during the last part of the original series, for 
with eyes closed the average time for lie last five trials was 0.36 
second, practically one third of a second. 

(d) In the following part of the experiment both subjects were 
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employed, lie practised during the whole series of 250 trials with 
the puzzle in a chance position. The operator varied the position 
of the two parts in putting the puzzle together in the two principal 
ways, right and left, mentioned above, and the sequence was irregular 
although the total number for each fype was approximately the same. 
The ptizzle was each time tossed in the air by the operator and so 
came down on the table in a chance position. 

Wk practised 400 times with the puzzle in the four main posi- 
tions, A, B, C, D, described above. He practised each of these four 
iwsitions until he had developed a special technique for handling it 
in minimum time. He also practised solving the puzzle in minimum 
time with the positions taken in patm, the members within the pairs 
conung irregularly, and with the four positions in chance order. The 
tactual motor coordinations were especially developed by a long 
series with the eyes closed. In the early part of these series, trials 
29-32, the puzzle was tossed up in the air, the conditions being the 
same for these four trials as they were for all the trials in the case 
of Be. At the close of the series of 400 trials of TTA the puzzle was 
again tossed in the air, giving the chance positions as in the first 
test of fonr trials. The average time of TTA in the final test series, 
28 trials, was 1L6 seconds, the average for the last ten was 9J 
seconds. The average of the four trials in the fimt test series was 

12.2 seconds. The average time of the last fonr of the A, B, C, D 
positions, chance sequence, just preceding the second .test series was 
1.8 seconds. There was evidently, then, but little gain, in the hand- 
ling of the chance positions in which the puzzle was thrown in the 
air, from all the special practise which had intervened. This con- 
clusion is confirmed by comparison with the series of Be. The 
average of the first ten of his series of 250, all being tossed up, was 
335 seconds, of the four trials, 29-32, corresponding to TTA’a first 
test series was 41 seconds, and of the last ten, trials 240-249, was 

7.2 seconds, the average of the last 28 trials, 222-^49, being slightly 
lower, 7.0 seconds, and the average for his last hundred trials being 
7.6 seconds. Jie*a results at the close of the series are considerably 
lower than TVA’s, althongh the latter manipulated the puzzle 179 
trials more than the former. 

The practise on the chance positions directly seems, then, to have 
been much more effective for the handling of the chance positions 
than the reduction to fixed rules and mechanization of fonr principal 
positions. If TTA’s attention had been directed toward the deveiop- 
ing of a general rule instead of four special ones, it is probable that 
the transfer would have been greater. 
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TABLE XI 

Jro Jrtflo PoizLE. irA Stmjici 

The four mtla poaltiou are deetraated A, B, C, D. A laeans right inser- 

tiou and icro degrees; B, right and 180 degree; 

C, left nnd zero; D, left and 180. 

1 53.4 

44 

4.4 A 

80 

2.0 B 

12S 

0.8 C 

173 

. 3.0 B 

S C0.4 

45 

40 A 

87 

1.0 B 

120 

2.4 C 

174 

2.6 B 

3 01.8 

40 

3.4 A 

88 

1.8 B 

130 

0.8 0 

175 

20 B 

4 30.0 

47 

2.2 A 

60 

1.8 B 

131 

6.0 C 

170 

3.0 B 

5 10.8 

48 

2.2 A 

00 

1.4 B 

132 

0.0 C 

177 

1.8 B 

C SG.O 

40 

1.0 A 

01 

1.0 B 

133 

0.4 C 

17S 

2.4 B 

7 76.8 

60 

1.6 A 

02 

1.0 A 

134 

0.4 C 

179 

1.8 B 

8 14.4 

61 

1.4 A 

03 

1.2 A 

135 

0.6 C 

160 

1.8 B 

0 17.0 

62 

2.2 A 

04 

15 A 

136 

4.8 C 

181 

12.0 B* 

10 8.0 

63 

1.2 A 

OS 

0.6 A 

137 

1.6 C 

182 

5.0 A 

11 8.0 

64 

1.0 A 

00 

lA A 

138 

1.0 C 

183 

2.4 A 

12 7.4 

85 

1.0 A 

07' 

1.2 A 

139 

0.8 C 

184 

3.4 B 

13 39.2 

66 

1.4 A 

OS 

1.4 B 

140 

2.0 C 

185 

8.4 0 

14 15.0 

67 

1.2 A 

00 

2.2 B 

HI 

10 C 

ISO 

13.6 B 

15 8.0 

68 

1.6 A 

100 

2.0 A 

142 

0.6 D 

187 

10.4 B 

16 5.0 

59 

1.4 A 

101 

1.6 A 

143 

2.2 D 

168 

60.0 B 

17 6.0 

60 

1.4 A 

102 

2.8 B 

144 

1.4 J> 

189 

14.0 0 

15 8.0 

Ejea closed, 

103 

1.8 A 

145 

2.8 D 

190 

60.0 A 

10 10.6 

hands in 

104 

2.0 B 

146 

l.B D 

191 

19.2 B 

SO S.0 

position. 

106 

1.0 A 

147 

1.4 D 

192 

6.6 B 

21 13.0 

61 

1.6 A 

100 

2.4 B 

148 

1.6 D 

193 

115 0 

22 3.2 

62 

2.0 A 

107 

18.4 C 

149 

2.2 X) 

194 

11.0 A 

23 . 3.0 

63 

1.0 A 

108 

6.6 C 

160 

2.0 B 

195 

6.6 B 

24 3.0 

64 

0.6 A 

100 

41.6 0 

151 

2.0 D 

196 

3.4 B 

25 6.0 

65 

0.4 A 

110 

84 C 

152 

1.0 D 

197 

6.0 0 

26 14.4 

66 

0.4 A 

111 

20.1 0 

153 

1.4 D 

198 

3.4 A 

27 0.0 

67 

0.4 A 

112 

8.0 0 

154 

1.2 0 

199 

62.4 B 

28 10.0 

68 

0.2 A 

113 

20.6 C 

155 

1.0 c 

200 

7.0 0 

first test, 

• 60 

0.4 A 

114 

0.8 0 

156 

1.0 D 

201 

6.2 B 

towed. 

70 

1.2 A 

116 

3.6 0 

167 

2.6 C 

202 

4.6 C 

29 20 0 

71 

4.0 B 

110 

4.0 0 

158 

1.6 D 

203 

21.4 B 

30 7.4 

72 

3.4 B 

117 

2.6 C 

159 

1.6 B 

204 

10.6 B 

31 7.4 

73 

2.8 B 

118 

1.0 C 

160 

2.6 C 

205 

75 A 

32 15.0 

74 

2.4 B 

119 

1.6 0 

161 

1.6 B 

206 

66 0 

M O’ A 

76 

1.6 B 

120 

15 0 

162 

1.6 0 

207 

4.4 A 

34 7.0 A 

76 

2.8 B 

121 

1.4 C 

163 

24 8 A 

208 

7.0 B 

35 4.6 A 

77 

1.2 B 

122 

2.8 0 

164 : 

23.4 A 

209 

4.4 B 

36 16.8 A 

78 

1.0 B 

123 

1.4 C 

165 

13.4 A 

210 

58 0 

37 6.4 A 

79 

1.0 B 

124 

1.4 C 

160 

6.6 A 

211 

75 A 

38 8.8 A 

80 

2.6 B 

125 

20 0 

167 ; 

11.2 A 

212 

3.6 B 

39 6.0 A 

81 

1.8 B 

126 

1.8 G 

168 

1.6 A 

213 

5.6 E 

40 4.4 A 

82 

2.8 B 

E/ea closed. 

169 

1.4 A 

214 

5.4 0 

41 23.4 A 

83 

3.0 B 

hands 

I in 

170 

2.0 A 

215 

64 A 

42 3.6 A 

84 

120 0 B 

position. 

171 

26 A 

2l6 

6.4 B 

43 6.4 A 

85 

3.2 B 

127 

OA O 

172 

1.4 A 

217 

6.0 D 

* Change of instructionss 

"Either A. B. C or 

D.” 
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TABLE KI— Continued 
Jw Jnav Tczzix, TTA Scuncr 

The four main poaltions ate designated A, B, C, D. A means right inser- 
tion and zero degreeaj B, right and 180 degree; C, left and zero; D, left and 180. 


S18 

5.0 A 

2G2 

2.2 C 

363 

7,4 B 

345 3.0 B 

3S9 2.4 B 

210 

C.4 C 

263 

2.1 B 

304 

4.4 A 

■ 346 3.0 C 

390 2.4 D 

220 

12.0 B 

204 

2.5 B 

303 

4.4 B 

347 2.4 A 

391 2.5 C 

221 

8.0 D 

205 

2.8 B 

306 

5.0 C 

348 2.2 B 

302 2,4 B 

222 

4.0 A 

200 

2.8 A 

307 

4.0 D 

349 l.S B 

3D3 1.8 A 

223 

4 2 A 

267 

3.4 0 

308 

2.4 A 

350 2A C 

394 22 D 

224 

3.4 B 

203 

2.8 A 

309 

5.0 B 

351 4.4 A 

395 1.5 A 

225 

T.O D 

209 

3.4 B 

310 

34 C 

352 2.2 B 

396 1.6 B 

220 

5.0 G 

270 

2.2 C 

311 

4.0 B 

333 1.8 B 

397 2.0 C 

227 

S.4 A 

271 

2.4 D 

312 

3.0 C 

354 2.8 B 

398 3.4 B 

223 

7,0 B 

272 

2.0 A 

313 

3.8 A 

355 4 6 A 

399 1.4 A 

220 

5.4 C 

273 

2.2 A 

314 

4.2 D 

356 2.6 C 

Trials 400- 

230 

3.8 A 

274 

2.4 C 

315 

38 Z> 

3S7 4.S B 

404, puzzle 

231 

4.0 B 

275 

3.8 B 

316 

30 0 

358 2.4 A 

pnt together. 

232 

2.0 B 

276 

3.0 D 

317 

2.8 B 

359 2.6 D 

Second tesi, 

233 

7.0 C 

277 

3.0 Q 

318 

4.0 A 

360 2.6 C 

tossed. 

234 

3.2 B 

278 

2.4 B 

319 

6.0 A 

361 2.6 A 

405 13.2 

235 

2.6 A 

279 

2.6 0 

320 

5.8 C 

362 2.4 fi 

406 3.8 

230 

3.8 B 

. 260 

2.6 A 

321 

3A B 

363 20.0 D 

407 6.0 

23? 

2.8 D 

281 

3.6 B 

322 

2.8 B 

364 22 0 

408 12.0 

23S 

3.2 G 

282 

2.6 A 

323 

4Q 0 

365 3.4 B 

400 7.0 

230 

3.8 A 

283 

2.8 C 

324 

7.2 B 

SCO 2.8 A 

410 12.0 

240 

3.8 B 

264 

4.8 B 

325 

3.2 A 

367 22 B 

411 42 

241 

2.6 D 

2SS 

2.2 B 

326 

36 D 

338 3.8 C 

412 11 4 

242 

2.2 A 

280 

22 A 

327 

5.0 0 

369 2.2 A 

413 0.0 

243 

2.4 C 

287 

1.8 C 

328 

30 B 

370 2.6 B 

414 19.0 

244 

2.4 B 

288 

20 D 

320 

2.6 A 

371 4.6 B 

415 18.4 

245 

30 A 

280 

3.8 C 

330 

SB O 

372 2 6 C 

416 72 

240 

2.4 D 

290 

30 B 

331 

32 A 

373 4.9 B 

417 35 6 

247 

3.4 C 

201 

2,2 A 

332 

5.8 B 

374 2.4 B 

418 8.2 

248 

2.6 B 

292 

3.4 B 

333 

3.0 B 

375 22 A 

419 80 


• 

263 

2.2 B 

334 

3.4 C 

376 2.8 C 

420 27.8 

240 

4.6 0 

294 

2.6 C 

335 

2.4 A 

377 8.0 B 

421 21.6 

250 

2.8 B 

295 

20 B 

336 

38 B 

378 2.4 B 

422 7.4 

251 

2.8 A 

296 

1.8 A 


• 

37D 2.6 B 

423 3 0 

253 

12 2 D 

297 

20 C 

Eyes closed, 

380 2.4 C 

424 3.8 

253 

26 B 

298 

2.4 B 

fingers near. 

381 2.4 A 

425 19.2 

254 

25 A 

299 

2.4 B 

337 

6.8 G 

382 1.8 B 

426 8.4' 

265 

2.4 C 

300 

2.0 A 

338 

6.8 B 

383 1.8 B 

427 SO 

256 

3.0 A 

30} 

2.4 B 

339 

«6 B 

3S4 20 B 

428 11.4 


2.5 D 

302 

24 C 

340 

4.8 A 

385 2.4 A 

429 16.6 

258 

3.2 B 

Byes closed. 

341 

2.4 B 

386 2.0 C 

430 14.4 

259 

3.C 0 

Oncers sear, 

342 

2.4 A 

387 20 B 

431 4.2 

geo 

26 D 

sot in 


343 

4.8 C 

388 3.4 C 

432 6.0 

261 

24 B 

position. 

344 

2.8 B 




* One day later. 




* Eight-hour interval. 


The subject worked with ej-ee open except in the cases special}/ designated, 
61-09, 127-141, 337-399. 

The times /or pnttfog the puzzle together are as toUows: 400, 7J>} 401, 3.B; 
402, 3.8; 403, 3.8; 404, 6.0. 
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TABLE Xn 

Jiu Jrrsu Puzzle. Re Subject 

Puzzle put together right (R) or left (L> and then tossed up in the air 
to fall by chance. 


1 415.0 

2 9S.4 

3 749.0 L 

4 COO 0 L 
6 1100 L 

6 203 0 R 

7 108 0 R 

8 642.0 R 

9 263.0 L 

10 1G2 0 R 

11 63 0 R 

12 118.0 L 

13 230 R 

14 37.0 R 

15 608 OL 

10 62 0 L 

17 46 0 L 
10 01.0 R 

10 76.0 R 

20 605.0 L 

21 49.0 L 

22 133.0 L 

23 16.0 R 

24 154 0 L 

25 98.0 R 

20 16.0 R 

27 15.0 R 

28 130.0 L 

29 630 R 

30 60 0 L 

31 11.0 r, 

32 60.0 L 

33 61.0 L 

34 84 R 

35 77.0 L 

38 12.6 R 

37 . 310 L 

38 29.0 L 

39 24 0 R 

40 63 0 L 

41 34 0 R 

42 13.0 L 

43 16 0 R 

44 68 0 L 

45 16 0 L 
48 ■ 32 0 R 

47 34 0 R 

48 10.4 L 

49 6.6 R 

60 4,0 R 


51 35.0 L 

62 23 0 L 

53 6.4 L 

54 10.4 R 

65 3.4 R 

50 12.0 L 
67 27.0 R 
53 0.4 R 

60 7.4 L 

60 6.0 

01 5.0 
62 2.8 

63 64.0 L 

64 14.6 L 

63 7.4 R 

GO SOL 

67 12.4 

68 7.C 

60 4.4 

70 0.0 L 

71 20 0 L 

72 4.4 L 

73 41.4 R 

74 60 R 

75 10.2 L 

76 10 0 L 

77 7.4 L 

78 12.6 R 

70 7.2 R 

80 8.8 L 

81 7S R 

83 44 L 

83 16.4 L 

84 66.0 L 

85 10.0 L 

86 8.6 L 

87 41.6 L 

68 7.0 L 

SO ISO R 
00 110 R 
91 7.0 R 

02 11.4 L 

03 60 R 

94 45.4 R 

95 16.4 L 

96 6.4 L 

97 7.0 R 

08 8.4 L 

99 8.2 B 

100 9.4 R* 


101 10 8 R 
10:i 53.0 L 

103 0.0 R 

104 17.4 L 

105 43.0 L 

100 7.6 R 

107 18.4 L 

108 3.0 R 

100 0.4 L 

110 4.0 R 

in ISOL 

112 00 L 

113 SOL 

114 14.0 R 

115 24 OL 
no 23.0 L 
117 20.0 R 

119 130 R 
no 8.0 L 

120 12.0 L 

121 COR 

123 8.4 R 

123 7.6 L 

124 30.4 L 

125 2.0 R 

126 11.0 B 

127 10.S L 

123 30 R 

129 8.6 R 

130 14 0 R 

131 43.0 L 

132 8.8 L 

133 6.2 R 

134 8.8 L 

135 6.0 R 

136 66 R 

137 17 0 L 

138 13.6 

139 23 

140 14.0 R 

141 06 R 

142 19.0 R 

143 6.8 L 

144 1.6 R 

145 7.4 L 

148 3.0 R 

147 30 0 L 
14S 66 L 

140 82 If 

160 8.4 R 


lol C.4 L. 

152 lO.C L 

153 8.8 R 

154 17.4 L 

155 7.6 R 

ISC 12.0 L 
157 4.4 R 

153 2.6 R 

159 9.4 L 

160 12.0 R 
ICl 7.0 L 

162 4.4 R 

163 4.0 R 

164 13.4 L 

165 3.2 L 

160 8.8 R 

1C7 6.2 R 

168 10.6 L 

169 8.0 L 

170 4.4 R 

171 5.6 L 

172 2.6 R 

173 108 L 

174 16 4 L 

175 C.O R 

176 6.4 L 

177 0.8 R 

178 6.8 L 

170 6.4 R 

ISO 74 R 

181 15.0 L 

182 82 R 

183 5.8 L 

184 8.8 R 

285 30 R 

186 66 L 

187 12 4 L 

183 32 R 

180 7 4 L 

100 40 L 

191 4.8 R 

102 7.4 R 

103 2.4 L 

194 13 0 R 
IDS 84 L 
106 5.8 L 

197 5.4 R, 

193 11.4 L 

199 4.0 R 

200 10.6 L 


201 6.8 R 

202 4.0 L 

203 60 R 

204 16 C L 

205 7.4 R 

206 10.0 L 

207 8.8 R 

208 3.4 R 

209 32.0 L 

210 62 L 

211 20R 

212 6.4 L 

213 3.2 R 

214 9.0 R 

215 54 L 

216 0.2 L 

217 86 L 

218 14.6 L 

219 3.0 R 

220 11.6 L 

221 48 R 

222 68 R 

223 10.4 L 

224 1.4 R 

225 6 4 L 

226 6.4 R 

227 82 L 

228 12 2 L 

229 66 R 

230 7.0 L 

231 2.4 R 

232 G 4 L 

233 90 R 

234 13 4 L 

235 82 R 

238 6 2 L 

237 4 0 R 

238 7 0 L 

230 3 6 R 

240 11 0 R 

241 5 4 L 

242 3.0 R 

243 13 8 R 

244 7.8 L 

245 4 6 L 

246 6 4 R 

247 6 2 L 

248 11.6 R 

249 4 2 L 


24 hour inteiraL 
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(2) J?r, acting as both subject and operator, solved the Double- 
hinged Dart and Ring puzzle seventeen times before noting explicitly 
that there Tvas a right and left form solution. This analysis was 
made explicit' during the eighteenth trial; the difference had been 
vaguely felt previously, and the explicit analj'sis seems to have been 
aided by the similar analysis previously made for the Jiu Jitsn 
puzzle. In the next three trials the subject tested his ability with 
the right-hand method, the A position. He then practised 139 times 
with the left or B position, and then took a test and practise series 
with the A position, trials 161 to 200. As i?r was both snbject and 
operator this series is different from the others in that it Jnelndes the 
times for putting together, given in separate columns, as well as that 
of taking apart. The times of the three A trials of the first test 
were 22, 21 and 20 seconds, average 21 seconds; if the time for the 
trial just preceding, in which the difference between the A and B 
positions was worked out, be inclnded, the average of the four A’s 
amounts to 27 seconds. The average of the first twenty of the second 
A series was 71.7 seconds, the average of the first three being $3 
seconds. The average of the first twenty of the B series was 53 
seconds and of the last twenty was 10.1 seconds. The B process was 
thus highly perfected, but the times for the second A test are from 
three to four times as high as those of the first test. The transforma- 
tions required in the case of this puzzle are very complex, aJtboogh 
the general plan of solution b simple. The detailed moves in the 
B solution were analyzed out very well, but the whole series of move- 
ments involved were not worked up into a single unified mental 
construction. Consequently the subject was not able to constmet a 
solution for the A position on the basb of the one for B. Thb might 
have been done, since the processes are sjunmetrically related, if the 
©.mstroction had been made for B. In coosequenee of thb failure 
there was no idea to control the motor habits, and there was decided 
conflict, or "negative’^ transfer, as the result of the training with 
the B series. 

(3) TTft was tested with three triafa with a puzzle constructed by 
interlacing two “Gem” paper fasteners. He was then given a prac- 
tbe series of 109 triab and then again tested with the initial position. 

Tie practise series was so arranged that by means of part movements 
arranged from simple to complex there was direct training for the 
'manipulation required in the second test. AU that was needed for 
rapid manipulation in the second was that the second test positiou 
be seen to involve but a single sUght initial movement in addition to . 
those used with the member of the practise series just preceding. 
When the seco*nd test series was given, the position was not, however, 
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3 

4 

5 
0 

7 

8 
0 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

37 

33 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 
60 


TABLE Xin 

DOfDLE-IIlKCED DaKT ASD RiSfl. Itr SCMECT 


oa On 

80.0 72.0 

70 0 72.0 

35.0 40.0 

47.0 21.0 

27.0 18 0 

72.0 18.0 

180 0 2C.0 

21.0 26 0 

C5.0 17.0 

CO.O 25.0 

70.0 13.0 

32.0 33.0 

33.0 10 0 

31.0 13.0 

120.0 16.0 

20.0 20.0 

50 0 ' 13.0 

43.0 U 0‘ 

22.0 6 . 0 ‘ 

21.0 12.0‘ 

20.0 ll.O * 

110.0 11.0 

26 0 6.5 

35.0 8.5 

36.0 6.5 

53.0 9.0 

43.0 6 0 

120.0 11.0 

105 0 12.0 

260.0 12 0 

21.0 10.0 

40.0 6.5 

33.0 7.0 

21.0 0.0 

35.0 8.0 

37.0 6.0 

20.0 6.S 

21.0 7.5 

18.5 6 0 

18.0 11.0 

22.0 10.0 

20.0 8.5 

12.0 8.6 

17.0 6.0 

7.0 6.6 

13.0 6.0 

25.0 10.0 

11.0 5.5 

16.0 55 

18 0 7.5 


oa On 

23.0 85 

100 40 

40.0 4 0 

13 0 0.0 

37.6 6A 

400 210 

50.0 7.6 

41.0 4A 

16.0 6 A 

13.0 7A 

13.0 11.0 

28.0 7.0 

11.0 7.5 

15.0 0 0 

IC.O 0 0 

19.0 5.5 

19.5 4.0 

19.5 5.0 

22 0 4.0 

15.0 4A 

ll.s 0.0 

12.0 4 6 

19.0 7.0 

17.5 5.5 

21.0 7.0 

11.5 10.0 

11.5 10.0 

22.0 4.5 

29.0 6.5 

19.0 6.5 

35.0 7.0 

17.0 6.0 

18.0 6 0 

13.0 6.0 

13.0 5.6 

22.0 8 5 

20.0 7.0 

15.0 11.5 

21 5 6.5 

42.9 12A 

12.0 6.6 

10.0 7.0 

13.0 3.5 

13A 6.5 

12.5 4J> 

22.0 80 

16.6 60 

l7Ji 4.5 

13.0 4.0 

8.5 4 0 


oa On 

10.5 7.5 

13.5 5.0 

2C.0 12 5 

10.0 8.5 

14 0 7.5 

10 0 10 0 

20.0 8A 

12.5 4.5 

30 0 5.0 

10 0 4.5 

120.0 5.5 

155 60 

13.0 8.5 

22 0 4.5 

18.0 5.5 

21.0 3 5 

17.5 5 5 

12.5 5.0 

12.0 3A 

13.5 4.0 

21.6 13 5 

11.5 0 5 

8 5 12.5 

30 0 5 0 

12 5 10.0 

8.5 7.0 

11.0 4.5 

13.5 8.5 

11.5 3.5 

11.6 6.5 

18.5 5.5 

10.0 6 0 

0 0 3.5 

22.0 8 0 

12 0 14 0 

00 40 

11.5 7.5 

100 100 

8 0 10.0 

10 0 SO 

0.0 10 0 
8.5 10.0 

8.5 3.6 

11.5 5 0 

8 0 6.5 

11.0 12.0 

9.0 7.0 

17.0 6.5 

7.5 lOJ) 

8 5 9.5 


oa 

12.6 

11.0 

10.0 

0.0 


8.0 

11.5 

80 

8.0 

47.0 

165.0 

67.0 

30.0 

27.0 
205 0 

210.0 

207.0 

95 0 
22 0 

18.0 
50.0 


80 0 
35 0 
21.0 
65 0 

19.0 

60.0 

17 5 

18 0 
16.0 
22 0 

12 5 
18.0 

12.5 
12.0 
17 5 
23 0 
22 0 
45 0 

14 0 

13 5 
11 5 

85 

17.5 
17.5 

15 0 


First test, trials 18-21. practise series 22-170, second test 171-199. 
‘First test. 'Second test 


On 
6.5 
60 
6.0 
20 0 
GO 
65 
6.0 

6.5 

7.5 
45 
5 0* 
35 

10.0 

7A 

7.5 

60 

85 

6.0 


SO 
12 0 
65 
12.5 
6.0 
80 
60 
6.0 


7.5 
8.0 
85 

7.6 
10 0 

6.0 

5.0 

45 

12.0 

6.5 


60 

6.5 


5.5 

7.6 
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recognized to be the same as the initial position, but was thought to 
be something altogether new. The subject, consequently, failed to 
mahe use of the motor habits developed in the practise series. The 
times for the three trials of the fiist test were: 17.4 seconds, 10.6 
seconds, 20 seconds; the times for the first three trials of the second 
test were: 32.4, 15, 10.4 seconds, the averages being respectively 16 
and 19. The average for the entire last fen constitnting the second 
test series was 15.2 seconds. 

(4) The Chinese King puzzle is admirably adapted for use in 
transfer experiments in that the number of rings can be changed at 
will, and because the manipulation varies with each change, but in 
such a way that a single formula might be developed from the solu- 
tion of any given case which wonld hold for all possible cases. Five 
arrangements of the puzzle were employed — (1) four rings, (2) five 
rings, (3) six rings, (4) seven rings, (5) ten rings. Each arrange- 
ment involved all the movements of all the forms preceding its own 
and some in addition. The number of movements necessary increased 
very greatly with each additional ring. 

The tables show the records for eight snbjects for the four-ring 
arrangement. Fif^ trials each were taken with the puzzle in this 
form. Six subjects completed series with the five-ring form. These 
were carried far enough to get the method of manipulation well estab- 
lished for this form. Of the two subjects who do not appear in the 
table for the five-ring form one left the university and the other 
failed to solve. The subjects for the six-ring-type are the same as 
for the five-ring type with the addition of Wfi. He began with the 
six-ring form, Kecords for the seven-ring form were taken with 
three subjects and for the ten-ring form with four snbjects. 

The record of Jid is unique for the completeness of the transfer 
from one form to the others This may have been due in part to 
previous experience with another form of the Chinese puzzle. She 
- had seen this other form fifteen years before. She had seen others 
work it and vaguely TEmembered the role. She had not been inter- 
ested in it, and was quite p<Bitive that she had never worked it her- 
self. Nevertheless, the manipulation seemed familiar. If she had 
not worked it previously her present performance was certainly 
remarkable, for she not only did not make mistakes as to principle, 
hut she reacted in large units directly whereas it was necessary for 
the other snbjects to think out the detailed steps separately. In trial 
1, four-ring form, Kd stated the mle vaguely; in trials she described 
the process of solution explicitly, and in trials 5 and 7 worked out 
and described some short cuts. These short cuts were adopted at 
once and weru maintained. Hd thus initiated the right habits of 
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1 

5 

3 

4 

6 
6 

7 

8 

9 

10 
11 
12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
23 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 
30 

37 

38 

39 

40 

41 

42 

43 

44 

45 
40 
47 
49 
49 
60 


TADLE XIV 


CinrtEsr Hirccs. Fors si^o Fobu 


£g Q> 

2.525.0 14,553.0 

2.608.0 252.0 

766.0 103.0 

311.0 341.0 

2.382.0 331.0 

232.0 805.0 

45.0 532.0 

61.0 90.0 

74.0 69.0 

62.0 205.0 


Be St 

601.0 3,035U> 

508 0 512.0 

89.2 103 4 

282.0 73.0 

140.0 217.0 

0,302.0 25.8 

127.0 37.0 

181.0 31.2 

SO.O 25.4 

34 0 30.4 


23.4 64.4 

29.0 211.0 

20.0 125 0 

20.4 83.0 

20.0 44.0 

82.C* 109.0 

60.0 245.0 

29.0 80.0 

25Ji 1110 

20.0 129.0 

20.0 05.0 

27.0 1310 

20.8 138.0 

19.0 72.0 

17.0 32 8 

28.0 35.0 

10.4 30.0 

18.2 26.4 

20.4 15.0 

32.0 18.8 


24 0 42.0 

28.0 39.2 

40 0 30 0 

30.4 20.8 

20.8 27.0 

48.8 31.6 

23.4 19.9 

24.0 30.0 

34.4 25.4 

24.0 24.0 

22.0 220 

23.0 19.0 

21.0 89.0 

22.0 20.8 

10.0 29.4 

14.0 02.0’ 

10 4 01.4 

14.2 29.0 

15.0 32.0 

14.0 23.4 


Jid 7V> 

115.0 D77.0 

34.0 1,322.0 

59.6 1,038.0 

21.4 79.6 

15“ 275.0 

30.7 95.4 

15.8 167.4 

12.8 39.0 

11.2 73.4 

10.0 41.0 

20.4 37.4 

11.0 88.3 

ll.C 34.5 

13.0 33.0 

10.0 25 0 

12.3 22.0 

11.9 29.0 

12.0 80.4 

153 196 

10.3 18.0 

n.3 17.0 

13.4 28.2 

11.8 20.4 

15.3 32.0 

12.4 22 2 

11.7 17.2 

9.5 15.6 

11.2 11.2 

9.0 13 0 

13.0 10.4 


15.6 23.8 24 0 

22.4 72.0 17.2 

21.8 18.4 43.2 

■ 25.4 21.4 17.0 

18.8 12.4 14 0 

17.4 23.4 24.4 

15.6 16.6 23 8 

16.4 15.0 14.0 

18.0 16.4 18 6 

18.4 22.4 16 8 

27.8 23.0 22 2 

17.4 17.4 13 4 

21.4 23.4 14.6 

215 19.4 20.8 

20.6 21.6 12 6 

17.0 31.2 11.2 

18.2 18.6 17.0 

145 31.0 13.0 

20.0 16 0 19.8 

1C.2 4,600.0* 24.8 

'Two days later. 


19.4 7.0 12 2 

27.8 83 14.2 

27.8 102 16 8 

19.6 13 7 25.0 

17.8 100 12.6 

14.0 13 8 13.7 

192 115 11.0 

23 0 10.1 14.9 

18 2 7.9 12.0 

18.0 11.9 10.5 

185 17.0 13.2 

21.2 12 9 11.2 

39.4 10.8 115 

25 0 9.3 14.5 

19.4 8 6 11.2 

16.0 9 0 11.2 

13.6 9.4 14.6 

13 8 11.7 115 

li£ 05 9.7 

13.4 6.3 10.3 

One daj later. 


Tt St 

7.570.0 420.0 

315.0 471.4 

344.0 455.0 

623.0 1,510.0 

236.4 154.0 

154 0 371.0 

2.383.0 320.0 

244 0 07.4 

2.738.0 97.4 

365.4 87.0 

408.8 115.0 

710.0 344 6 

102.0 81.6 

89.0 SO 0 

64.0 45 0 

4t.C 55.0 

90 4 60 8 

50.0 109.4 

33 0 34.0 

25 0 135.8 

39.7 14i.6 

27.5 32.0 

29.8 25 0 

19.6 23.0 

19 2 34 6 

37.0 23.8 

17.4 28.6 

17.0 22.0 

20.1 19 G 

19.5 23.4 

34.8 22.0 

10.0 20.4 

31.0 21 4 

13.2 23.4 

16 6 29.4 

1C.8 70 4 

16 6 3S.0 

36.0 55 6 

14.8 41.2 

17.9 39 0 

18.4 65.4 

168 390 

16.8 39.0 

19.9 32 6 

19 6 33.0 

16.3 100 0 

169 ise 

13 3 24.6 

20 0 23.6 

13.1 23.0 
•Failure. 
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1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 
IB 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 
33 


SB 

IfliO.O 

275.0 

331.0 

294.0 

186.0 

185.0 
01.0 
08.0 

186.0 

107.0 

109.0 
76.6 

95.0 

73.0 
49.4 

60.0 
49.4 

38.2 

54.2 

43.0 

66.0 


TABLE XV 

Chetese Rmoa. Fite-xiko Fobu 


£1 A<t Til 

1.678.0 42.0 085.0 

2.670.0 30.0 140.0 

635.0 32.3 431.3 

1.116.0 30.8 440.0 

424.0 25.3 130.0 

1.299.0 40.0 127.0 

1.374.0 31.0 68.0 

680.0 23.0 64.0 

211.0 23A 57.0 

1.196.0 29.4 41.0 

493.0 42.6 

6SA 50.6 

245.0 38.0 

133.0 80.0 

495.0 43.3 

167.0 fiO.O* 

231.0 61.8 

355.0 69.5 

77.4 68.7 

644.0 33A 

207.0 62.0 

99.0 33.0 

211.0 41A 

97.0 37A 

92.6 81.0 

39.8 38.8 

186.0 84A 

535.0 82.0 

310.0 29.0 

175.0 29.8 

94 0 87.0 

113.6 89.2 

65.0 32A 

66.0 . 35.0 

46.0 87.0 


65.0 

60.0 
1160 

53.0 

43.7 

142.0 

154.0 


n 

84A 

173.8 
332.0 

86A 

67.2 

84.0 

54.0 

51.6 

65.0 
67.9 

61.8 
68A 
48A 

42.2 

45.7 


St 

704.0 

903.0 

269.0 
166.6 

175.6 

117.0 

234.0 . 

294.0 
97.8 , 

164.0 

67.0 

73.0 

65.0 

71.0 

49.6 
60.4 

64.0 
43J2 

82.0 

41.6 

50.0 

79.6 
46.4 

56.0 

62.6 


46 

47 

48 

49 

60 

*24 boon Uter. 


60.0 

65.0 
62.6 

84.0 
6IA 
73.7 
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I 

3 

4 

5 

e 


10 

11 

12 

13 

14 

15 
IS 

17 

18 
19 
SO 


S3 


C70.0 


393.0 

350.0 

150.0 

114.0 

130.0 


TABLE XVI 

Cnc(ESB Rises. See eiso Fosu 


St r.i vt 

270.0 60.3 470.0 

55.3 71.5 168.0 

63.2 64.7 71.3 

72.0 09.5 

49.0 70.4 

63.8 725 

63.2 66.6 

305.0 CO.S 

65.0 67.6 

65.4 66.6 


62.0 

63.0 

47.7 

47.3 

377.6 

43.0 

47.8 

60.0 
■ 63.0 

67.0 

Sens kiRO Foiu 
JW Jtt 

IIS.O 1590.4 

235.0 
206.8 
174.4 
166 7 
i7ao 

Trw-KRO FOEM 
Kd ft 

824.8 1536.0 

1521-0 


n £i m 

182.0 1595.0 10,830.0 

210.0 1,080.0 

141.6 390.0 

103^2 237.0 

65.6 176.0 

83.8 137.0 

118.6 110 0 

98.0 85.0 

69.0 81.0 

66.8 134.0 
100.0 


ft 

332.4 


ft FS 

2,142 0 15B0.0 


manipdatioii from the start and did not have to contend against the 
reappearance of erroneous methods as did the other subjects. 

The records for Co and SI form a stiiMog contrast to those of 
M. Both of these boys moved rapidly and they were quite variable 
in their movements. This was espcciaUy trne of St. Where other 
boys would stick, be would find a way out simply by means of his 
greater variability, rapidity and perBn.<nty. Co finaUy lamed flie 
particular combination required for the fonr-rmg form, tat he did 
not develop a formula for it or even see the necessity of the order of 
movements which he finaUy setUed upon. At the twenty.fifth tnal 
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he began the control of one of the part processes Trhich had pre* 
vionsly been uncontrolled, and his curve drops abruptly here to a 
lower level. After having solved the puzzle twenty-four times more 
he, however, failed to solve it in the fiftieth trial. A chance move 
put the puzzle into a novel position, and he was unable to get it back, 
although he spent 4,500 seconds in the attempt. The solution of this 
novel pcsition was an essential step in the solution of the five-ring 
form of the same puzzle, and he consequently failed in that. 

St made an analysis in trial 6 which enabled him to avoid Go's 
difBcnIty, and his curve drops abruptly to a permanently low level. 
His records at the close of the fifty trials with the fonr-ring form are 
the third from the best With the change to the five-ring form, how- 
ever, his records are by far the worst. The curve remains high and 
fluctuating until the forty-third trial, and even then his times are 
much longer than those of any other subject, although St had had 
the benefit of from fifteen to for^ more trials with this form than 
the other snbjecta. That this result was not due to lack of variability 
or concrete analysis, nor to lack of motor facilltr^ is shown by his 
records in the fonr-ring form. The reason for this failure of transfer 
is that St did not develop a general formula on the basis of the 
special case given in the four-ring form. The initial movements in 
solving the five-ring arrangement are precisely aimiJsr to those in 
solving the three-ring form bat they are differentfrom the first move- 
ments with the four-ring form. Now the three-ring form comes in 
as a pact process in solving the four-ring form, and so St had had 
the opportxmlty to discriminate and to generalize on the basb of the 
discrimination. He learned to react differently to the four-ring and 
the three-ring combinations, and this fact enters into the erplanatfon 
of what success he did obtain with the five-ring form. He reacted 
to the five-ring form, however, precisely as if it were the four-ring 
form. This only made the solution more difficult because all the 
steps thus initiated had to be done over again, and this method of 
attack led into situations from which it was very difficult to esfricafe 
himself. St’s method finally became stereotyped, but it included the 
following serious error. He would take off the first four rings as if 
it were the four-ring form, and then he would put them all back on 
again- The puzzle would now be exactly as it was to start with. 

He would then go ahead and solve correctly. There was transfer 
here but with a vengeance. The motor habits were transferred 
entire, uncontrolled by any analysis of relations. There was, how- 
ever, positive as well as negative transfer, since he succeeded in 
solving after having retraced the false steps, and the three-ring habit 
evidently came in on the second attempt. 



Cjiikese Ki^os PozzifS, Nos. 20 A^•D 30 

4- and 5 rin" forms obtained by modification of No. 30} 7-ring form 
obtained by modification of No. 2®- T* *. S. 6, 7. lO-scale- smaliest division 

l(j«. 4 6 6, 7, — Bivilaf .Binallest division = 10": 8t 4. R. fi— Bdale: 

smallest divi‘'ion=: ll> . 
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This result with St illustrates the point made in an earlier 
chapter, that a single practise curve is not sufficient as a mental test 
but that it should be supplemented with other curves on variants of 
the original test, and that' by decreasing the points of similarity 
between the original problem and its variant the difference in 
capacity between subjects c^n be more rigidly tested. 

It might seem surprising, at first, that St's records with the six- 
ring form should be lower than with the five-ring, despite the fact 
that the addition of one ring approximately doubles the total time 
of manipulation. It is also noteworthy that in the six-ring form his 
low times are lower than those of any other subject, including Rd. 
Sd, to be sure, made only three trials, but St's time for trial 5 is 
considerably lower than Ed's for trial 3. This again shows that St 
was not lacking in speed or accuracy of movement, but excelled in 
them. The reason for his success with the six-ring form is that it is 
solved by using the same initial movements as the four-ring form. 
St carried over his four-ring habits again, but this time they hap- 
pened to be appropriate. The high times in trials 8 and 15 show the 
lack of the fundamental principles. In each of these trials he made 
the same serious error four times. 


The high times for trials 1-11, Bg, with the five-ring form were 
due also to carrying over the method of solution from the four-ring 
form unchanged. The high times of the six-ring form were due to 
the carrying over of the method of starting finally adopted for the 
five-ring form. Bg had become explicitly conscious of the different 
ways of starting necessary for the four-ring and five-ring forms, hut 
he did not generalize so as to include the next change. 

Ta did not work out the generalization as to method of beginning 
until trial 5 of the seven-ring form, although he had suspected it 
before. In each change, previous to that from the seven-ring to the 
ten-ring form, there had been negative transfer in beginning, t. e., 
he had used the method appropriate to the form just preceding. 

These three cases form an ascending scale in that St did not dis- 
criminate the beginning of the five-ring form from the four-, that 
Bg made this distinction but did not generalize it so as to include 
the six-ring and other forms, and that Ta did explicitly generalize so 
as to include all possible forms, although he did this so late that there 


was but one application. 

Tz seems to have gotten the generalization earlier, in the four- 
ring form hnt not quite ejplicitlj and the effeeta of his idea were 
masked by the revival of inappropriate habits which had become 

established early in the four-ring aeries. 

1VA began with the sii-ring form instead of the fonr-nng form of 
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the other subjects. He worked out the general formula of solution 
in trial 1 and developed the rule for the initial movement as depend- 
ent on the number of rings and as applicable to any possible number 
of them in his second trial. As a result of working out this formula 
TT/i’s times for this form after only two trials are lower than those 
of another subject who had solved the puzzle in the four- and five- 
ring forms over seventy times but who had not developed a general 
formula for starting. 

Some details will now be given from Wft’s notes. THt’s anal^’sis 
in trial 1 has been given above.* 

Trial 3; "'Worked strictly according to plan outlined." 

Trial 4; "Same as above. - . . When tint ring is on, it is only 
necessary to get it above the bar, not around it, before slipping the 
first two off." (This is a valoable short cut) 

Trial 5j "I can see that time will be saved by remembering by 
rote whether to start by dropping 1 or 2. So far I have always 
figured it out. The fourth has to come oS to allow the sizth to come 
oS, therefore the second has to come off." Already there has been 
some short-circuiting here, because the getting off of the fourth ring 
is really conceived as a unit. 

Trial 6: "Same as before. Quicker start by rote. Hesitation 
after the sixth was off and figuring out of return." 

Trial 7: "Same method: Bote in getting off sixth and in remem- 
hering always to start, io patting oo, with first and second, then 
third, etc. Less hesitation about method of putting rings on — up 
through and over instead of over and down through as in dropping 
them.” 

Trial 8: "Jlore effort at speed. Time saved in the return by 
beginning promptly at the left side and passing the dropped ring 
up through and over end. Still hesitations at transition points.” 

Trial 9: "Transitions more automatic. More feeling of know- 
ing where I am." 

Alter ten more trials on a subsequent day with taking the puzde 
apart and twenty-two trials in patting it together TTA was given a 
five-ring form which also differed considerably in appearance from 
the six-ring type he had been using. He solved this without error 
the first time. To quoto— trial 1: "A good deal like another I’ve 
tried, why not the gamp thing f ... I tried the movements without 
much detailed examination and found that the same things could be 
done, though the friction was greater. There were but five rings 
instead of six, and therefore the beginning had to be made by drop- 
ping one instead of two as in the previous puzzle." 

* 6«e p. 27. 
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The tendency of habits to transfer inappropriately despite the 
understanding of the general principle fa illustrated by a quotation 
from trial 3. “The old habit of dropping two as the first move 
(correct for six rings) tends to persist Both the last time and this 
I started in this xray, though I recovered mj'self in a few seconds.” 

TTft ivas later given the ten-ring form of the puzzle to solve. 
The solution of the ten-ring form includes the actual solution of all 
the lesser forms, nine, eight, seven, six, five, four, three, two as com- 
ponent parts of itself. solved this the first time without error 
and in very quick time. J?d was the only one to solve it in less time 
and she had developed or partly revived and developed the same 
foimulffi during her first trials with the puzzle and she had also car- 
ried through a long practise series. In solving the ten-ring form 
both of these subjects reacted to large units, and avoided confusions 
into which the other subjects, whose attention was more on details, 
often fell. The other subjects would forget in which direction they 
'Were going at times and so retrace their steps. One subject thus re- 
traced a long subprocess five times in a single trial. Since the taldng- 
off process for a given number of rings, say eight, involved putting 
on the first six rings, and since the putting on and taking off 
alternated, it was easy to become confused as to the general direc- 
tion If the subject’s attention were on details. 

The experiments with the Chinese puzzle have some points of 
similarity with Judd’s experiment’* of throwing the darts at an 
object under water. In this case, however, the fact that there was a 
general formula that could be applied to all the cases was not even 
suggested to the subjects. 

(5) The jroimted Wire Loop and Chain puzzle fa a variation on 
the Chinese ring. The method of solution fa precisely the same, but 
the superficial appearance is very different. The table for this puzzle 
shows that there were decided transfer effects from the Chinese 
puzzle. Be fa the only subject who solved this puzzle who had not 
previously solved the Chinese ring. He had not attempted the lat- 
ter, and had made very good records in the puzzles he tried- His 
records might, then, be taken as a standard from which to reckon the 
transfer ‘gained by other subjects. Of these, the series of Bv shows 
the least transfer. He had done the Chinese puzzle but a few times 
and that was seven months previous to the time concerned- He had 
worked out the general formula of the Chinese ring in the first trial 
bnt he had not developed the important corollary as to the initial 
movement at that previous time. Sr used parts of the Chinese ring 

“r<Iu«»»ion<a Revifw, VoL XXXVL, pp. 3S-*2. 
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Oa 
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On 

Sd 

Ta 

Ta 
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1 

1^60.0 

1,660.0 

220.0 

03.0 

2,162.0 

04.3 

321.8 

1,800.0 

Z 

200 0 

204.0 

62 0 

SS.O 

93.0 

52.5 

51.6 

1,653.0 

3 

300.0 

233.0 

58.0 

64.0 

37.6 

47.6 

30.3 

1,666.0 

4 

70.0 

106.0 

60.0 

380 

51.4 

36.0 

41.9 

186.0 

5 

264.0 

183.0 

37.0 

47.0 

3S.0 

36.0 

32.0 


6 

202.0 

07.0 

34.0 

48.0 
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40 0 
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GsoxTP A. Ghikesc Rino (6 -uno)— Puzzle No. 30 
Previous practise aeries on closely related 4- and S-ring forms by all sub- 
jects except TTJl. Transfer from 4- and S-ring form to O-ring shown by com- 
parison of i?d or Tz with TPA. 

Gboup B. Chinese Riro (10 niNa)— P uzzi* No. 26 
Time of optimum manipulation of 10-ring form ie ten times that of O-rings 
WA’s times for the 10 ring is one ninth that of his time for the 6-rirg. The 
transfer here is connected with a thorough analysis and a verbal statement of 
the rule of procedure. 

Gboup C. Hnfoen Rectahoi*— P czzu No. 12 
This Is a complex of several elemental devices, each being found isolated 
in simpler puzzles. All of these simpler puzzles were known by TTA, who at 
once perceived and utilized the similarities involved. Bg, Ta and Te show 
transfer of a part of these elements; one was not known to them. We, Br, Be, 
Bjf, and Rd, Co, Bt either lacked the original experiences or failed to utilize 
them. 

Gboup D. Bicrcii— Puzzii No. 2 

Ta and Tz show immediate and almost total transfer from puzzle 4; Jif, 
no transfei-failuie; TTA and We, utilization of sdentific method, without much 
transfer from related puzzles. 

Gboup E. Hook airo Ete— Puzzle No. 5 
Ta and Tz showed marked transfer from puzzle No. 4. Contrast results 
with re’s: Fe recalled puzzle 4, but failed in transfer because of lack of analysis, 

Gboup F. Mouhteo Wibe Loop— Puzzle No. 35 
See text, Transfer (6). 

All records on Plate VII. are for trial 1 only exrept E-Fe, and F-Rd~Be-Rr. 
Scale for groups A, B, C and F is 80 seconds to smallest division, and for 
groups D and E is 20 seconds to the smallest division. 
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solution as they occurred to him, but he did not revive the whole 
process nor make the complete identification. There was evidently 
some little transfer, however, if the comparison with Se 's record may 
be taken at face value. 

TTA had solved the ten-ring form of the Chinese puzzle on the 
day previous to his solution of the puzzle under consideration. He 
made a complete identification of the two puzzles and carried over 
his methods and habits apparently without loss. 

Jtd had carried the manipulation of the Chinese ring puzzle to the 
highest perfection reached by any of the subjects, yet her initial time 
for the Jfounted Wire Loop is longer than for any other subject. 
This was due to the fact that she had failed to make an explicit dis- 
crimination as to one point of detail in the earlier series. This was 
probably dne to the fact that no difficulty chanced to arise at that 
point and that correct habits of maniptilation were bnilt up although 
they had not been baaed upon a careful analysis of correct and in- 
correct forms. Tz and Ta bad both encountered the difficulty in the 
Chinese Bing series and tb^ avoided it with the Loop. 

After Ta had spent 30 seconds of trial 1 in examination he moved 
the puzzle to see if a novel position might not result which would 
suggest something. (This was a general method of bis.) The simi- 
larity to the Chinese rings immediately fiasbed across his mind, and 
he called up an image of that pnzzle and the rule for solving it. 
This rule he applied directly to the Jfounted Wire Loop. Tz also 
made the identification in trial 1. The low times for the second 
trials of WA, Bd;Ta and Tz, show, if compared with that of Be, the 
transfer effect from the Chinese ring. 

In the case of the curves for WA and Br it will be noticed that 
times are given for taking the puzzle apart and also for putting it 
together, the subjects acting also as operators. Comparison of the 
off and on series for Br will show that there was no complete trans- 
fer from one series to the other. The initial time for the on series is 
longer than that for the off, and the break in the on curve comes 
much more quickly and sharply than in the off. This drop was duo 
to a detail analysis suggested by the Chinese rings and also from the 
off series. The idea transferred from the off series was that of the 
successive movements forming a reversal. It is interesting that this 
idea should seem to have been more effective in the on scries than in 
the off. The transfer between the off and on series was here clearly 
doe to an idea. 

2. GeneeaI/ Hisccssiok an© SusmABT 

The following summary includes a r&umS of results presented in 
other chapters as well as this one. 
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solation as they occurred to him, hut he did not revive the whole 
process nor make the complete identification. There was evidently 
some little transfer, however, if the comparison with Be 's record may 
be taken at face value. 

T7A had solved the ten-ring form of the Chinese puzzle on the 
day previous to his solution of the puzzle under consideration. He 
made a complete identification of the two puzzles and carried over 
his methods and habits apparently without loss. 

Bd had carried the manipulation of the Chinese ring puzzle to the 
highest perfection reached by any of the subjects, yet her initial time 
for the Jfoonted "Wire Loop is longer than for any other subject. 
This was due to the fact that she had failed to make an explicit dis- 
crimination as to one point of detail in the earlier series. This was 
probably due to the fact that no diflicnlty chanced to arise at that 
point and that correct habits of manipnlation were built up although 
they had not been based upon a careful analysis of correct and in- 
correct forms- Tz and To had both encountered the difficulty in the 
Chinese Bing series and th^ avoided it with the Loop. 

After To bad spent 30 seconds of trial 1 in examination he moved 
the puzzle to see if a novel position might not result which would 
suggest something. (This was a general method of his.) The simi- 
larity to the Chinese lings immediately flashed across his mind, and 
he called np an image of that puzzle and the rule for solving it. 
This rule be applied directly to the Mounted Wire Loop. Tz also 
made the identification in trial 1. The low times for the second 
trials of T7/i, Bd;Ta and Tz, show, if compared with that of Be, the 
transfer effect from the Chinese ring. 

In the case of the curves for Wh and Rr it will be noticed that 
times are given for taking the puzzle apart and also for putting it 
together, the subjects acting also as operators. Comparison of the 
off and on series for Rr will show that there was no complete trans- 
fer from one series to the other. The initial time for the on series is 
longer than that for the off, and the break in the on curve comes 
much more quickly and sharply than in the off. This drop was due 
to a detail analysis suggested by the Chinese rings and also from the 
off series. The idea transferred from the off series was that of the 
successive movements forming a reversal It is interesting that this 
idea should seem to have been more effective in the on series than in 
the off. The transfer between the off and on series was here clearly 
dne to an idea. 

2. Oenesaii Discosstojr and Sotimabt 

The following smnmary includes a resume of results presented in 
other chapters as well as this one. 
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To the writer, the problem consciousness considered in itself and as 
to conditions of cfBciency seems to have many characteristics in com- 
mon irrespective of the degree of relatedness of the material con- 
cerned. Since in the writer’s "riew the couise of efSciency in the 
practise curve is largely a matter of seenring the appropriate varia-- 
tions and of their conscious control, the problem consciousness would, 
from the standpoint of eflSciency, he almost universal in scope and 
its general features or factors would serve as means for transfer of 
an extensive sort. The distinction was made above between direct 
or necessary transfer and conditional transfer, the latter involving 
an act of analysis. The statements above in reference to the wide 
possibility of transfer presuppose in the main such acts of analysis. 
The following classification of transfer factors is based directly 
on the ptuale experiments. Some of the special factors are naturally 
specifically related to the puzzle series while the general factors 
seem to be of wide applicability. The conditions.of transfer of the 
special factors are believed to be general although the material itself 
may have been specific. 


A. General Faetors 

(o) The Ideal cf Effieiency . — ^This involves the active search for 
methods of control, and would properly embrace all the succeeding 
factors. 

(h) Level of AUenUon . — High level attention was a precondi- 
tion of success. Transfer of this factor seetced to be both direct, a 
T^ult of change of attitude, and indirect, a result of the idea of its 
value and conscious attempt to realize as by effort of will, control 
of physical condition, search for stimulus. 

(c) Attitudes . — The change from the Belf.conscion3 to the prob- 
lem-attitude occurred sometimes automatically, and sometimes de- 
liberately by means of an ideal. The most powerful stimnlus to 
cfrgggg of st^tado asd so of its trsssSsT was ppj3>cuiaJ sneers Jt 
did not matter much whether it was accidental or planned. 

(d) Uethods of AtfacJc.—{l) Conscions control of assumptions. 
The value of explicit conM/oosness of the assumptions made con- 
cerning a problem and of openness of mind and active search for 
other assumptions than the chance fiist one was recognized and 
generalized as a point of method common to the different situations 
encountered. 

(2) The dilemma seemed to prove itself of considerable value as 
a stimulus to discovery of novel points of view both as to the nature 
of the problem and as to minor features. The dilemma was con- 
sciously generalized as a method of attack. 
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(3) Active search for distinctions and for their appropriate 
classification toot place independently of the use of the dnnwiTna^ 

constituted a highly general form of method. 

(4) The search for new points of view at times took the form of 
random manipulation, now in the hope of gaining success by an 
accidental variation, and, again, in anticipation of a happy su^es- 
tion from some chance position. These methods of attack were con- 
sciously generalized and applied. 

(5) The careful testing of hypotheses ’as opposed to mere repeti- 
tion was a consciously adopted general point of method. 

(6) The ideal of the value of generalization, and of statement in 
a formula, was noted as a case of conscious transfer. 

B. Special Factors 

(а) Related Ideas. — (1) Geometrical concepts played an ahnost 
negligible part in the work of solution. This was especially true of 
tridimensional puzzles. What was needed was ability to construct 
transformations in three dimensions and the static training of 
geometry seemed at times even to interfere with the dynamic prob- 
lem. The concept of symmetry was of some valne, bnt in the main 
the transfer valne of mathematics in so far as it appeared seemed 
to be largely in. the form of general methods, as that of considering 
the problem solved and working the solution in reverse order. The 
failure of mathematical training to develop the capacity or capaciti^ 
for dynanuc construction was rather strikijig. 

(2) Ideas of common objects in connection with which movement 
Was a familiar feature, as rubber bands, were employed with some 
success. 

(3) The greatest trazmfer in the way of related ideas was that 
from similar puzzles;. Transfer of this sort also gave the most 
immediate solutions. The mere presence of a vivid image of a 
closely related puzzle was not sufficient, however, of itself. A dis- 
tinct act of analysis was necessary in addition. The analysis was at 
times apparently due to previous experience and yet took place as an 
immediately perceptual act without the revival of distinct imagery. 

(б) Motor Eahits.—{1} The mere presence, in the case of change 
of conditions, of motor habits appropriate to the new conditions did 
not necesritate positive transfer. It could coexist with negative 
transfer. 

(2) The degree of positive transfer varied directly with the 
precision of analysis of the simDarity of the new case to the old. 

The similarity suggestioli needed, as was the case with memory sug- 
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gestioBs, to be treated as an hypothesis to be held tentatively and 
tested rather than to be accepted at once at face value and then 
persisted in unquestionmgly 

(3) In some cases a generalized formula developed in connec- 
tion with the first case was essential to effective transfer of motor 
habits to later modifications of the first case 

(4) Transfer was more effective in those cases where the formula 
or general rule was developed m the first few tnals, and where the 
formation of perceptual motor habits had been controlled and inter 
penetrated by it from the start, than when the generalization had 
been arrived at after those habits had been set up 
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